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flPEA~lCJ\ OB~lE 
«WKOJla pa,D,1'10J1106111Tem1» - 3TO BTopasi YaCTb cepl'11'1 1'13 Tpex KH1'1f l'1 npe.o,cTaBJlSleT 

co6oH caMOYYl'1TeJlb no paA1'10T0XHl'1Ke, npeAHa3HaYeHHblH MOJlOAblM JllOASIM, pe

Wl'1BWl'1M npl'1o6UJ,lllTbCSI K HeKor.o.a orpoMHOH apMllllll pa,D,1'10J1106111Te11eH. 

Cero.o,Hsi, HecMoTpsi Ha He6b1eanoe 1'13061'1Jll'1e 6b1ToeoH pa.n,l'1oannaparypb1 npo

Mb1wneHHoro npOlll3BOACTBa Ill ee OTHOClllTellbHYfO AOCTYnHOCTb, Ha611t0.o,aeTCSI onpe.o,e

JleHHOe noBblWeHllle lllHTepeca K TOMy, YTO np1'1HSITO Ha3blBaTb pa,D,l'10Jll061'1TeJlbCTBOM, 

T. e. K npou,eccy caMo.o,esiTeJlbHOrO TBOpYeCTBa B o6naCTSIX TeJleB1'1AeHl'1SI, MarHl'1THOH 

3an111c111 3ByKa Ill 111306pIDKeHlllSI, BblCOKOKaYeCTBeHHOro 3BYKOBOCnp01!13Be.O,eHl'1SI. 

803po~eH111t0 pa.n,111ont06111TeJlbCKoro .o,e111>KeH111S1 e 3HaYlllTeJlbHOH Mepe cnoco6cT

eyeT B03MO>KHOCTb np11106peTeHlllSI npaKTlllYeCKlll 11t06blX KOMnJleKTytOUJ,lllX 1'13Ae111'1H "1-Ma

Tep111anoe AflSI caMOCTOSITellbHOfO TBOpYeCTBa, w111poYaHWlllH Bbl6op 1'13MeplllTe11bHOVl 

annaparypbl, a TaK>Ke TeXHlllYeCKOH 11111Teparypbl no eceM OTpaCllSIM pa,D,lllOTeXHlllKlll. 

0.o,HaKo e TeXHlllY0CKOH 11111Teparype cero.o,Hsi npeo6na.n.aeT cnpaBOLIHOe Hanpae11e

Hl'1e, Tor.a.a KaK TeopernYeCKllle eonpOCbl Ill npo611eMbl 60JlbWe OCBeUJ,atOTCSI Ha ypOBHe 

¢>YH.O,aM0HTaJlbHblX HayYHblX lllCCJleAOBaHlllH. l.fTo >Ke KacaeTCSI 1113,D,aHlllVl lllCKlllOYlllTellbHO 

nony11sipHoV! «MaccosoVI pa.n,111061116n1110TeK111» (MP6), To ee KHl'1rn "' 6powt0pb1 npel'1My

UJ,eCTeeHHO nocesiUJ,at0TCS1 on111caH111t0 KOHKpeTHblX pa.o,111ont06111TenbCK111x KOHCTPYKU.1'11i'1 

11111111 npeACTaB11SllOT co6oli'1 Te >Ke cnpaBOYHlllKlll. 

Ha 3TOM KHlll>KHOM none cerO.O,HSI SIBHO OUJ,yUJ,aeTCSI .o.eQ>111U,1'1T JllllTeparypbl yYe6Horo 

xapaKTepa AflSI no.o,roTOBK"1 "1 CTaHOB110HlllSI pa,D,lllOJlt06111Tel1S1-KOHCTpyKTopa, np111YeM 

11111Teparypbl ClllCTeMHO!i'1, nplll3BaHHO!i'1 npoeecrn 'illlTaTeJlSI, npe111MyUJ,eCTB0HHO IOHOro, 

OT a30B 311eKTpO- Ill pa,D,lllOT0XHlllKlll AO YPOBHSI, OTBe'iatOUJ,ero cerOAHSIWHlllM Tpe6oeaHlll

SIM K cneu,111an111cTaM 06UJ,ero npo¢>11111S1, pa6oTatOUJ,lllM B MHOrOYlllCJleHHblX o6naCTSIX pa

AlllOT0XHlllKlll. 

"13.o,aTenbCTBO «Pa.n,1110Co¢>T» .o,e11aeT nonblTKy 3ano11H111Tb STY HHwy. 

KH111rn 3Toli'1 cep111111 npe.o,crae11sit0T co6oH Tp111 sTana 06yYeH111si. nepeasi, y>Ke eb1we.o.

wasi B ceeT KHll!ra, «A36YKa pa.n,111ont06111T0J1SI», HaYll!HaeTCSI c caMblX a30B Ill nOABOA1'1T 

YlllTaTe11SI K nOHlllMaHllllO OCHOBHblX npou,eccoe, CBSl3aHHblX c nepeAaYeV!, pacnpocTpa

H0Hlll0M Ill npHeMOM pa,D,"10ClllrHa110B, a TaK>Ke Ha3Ha'ieHllleM, ¢>YHKU,1'1SIMlll l'1 oco6eH

HOCTSIM"1 ecex cxeMHblX KOMnOHeHTOB, COCTaBJlSllOUJ,lllX Kllacc nacCHBHblX PaAH03ne

MeHTOB. 

:3Ta BTopasi KH111ra 3HaKOMlllT YlllTaTellSI c np111Hu,111noM pa60Tbl Ill ¢>11131'1KOVI npoueccos 

K11acca aKTHBHblX pa,qHoaneMeHTOB - s11eKTpoeaKyyMHblX 111 ra3opa3psi.o,HblX npl'16opoe, 

TpaH3111CTopoe 111 M111KpocxeM, a TaK>Ke c pa6oTOH y311oe (KacKa.n,oe) pa.n,1'1oannaparypbc, 

111cno11b3YIOUJ,"1X aKTlllBHble 3JleMeHTbl. 

no Mepe OCBOeHlllSI 3TOfO TeopernYeCKOfO MaTep111ana YlllTaTeJltO 6YAYT npe.o.naraTb

CSI 111 nocrnneHHO ycno>KHS1t0UJ,l'1ecsi KOHCTPYKU.1'1111 .o.nsi caMOCTOS1Te11bHOro 1'13roToeneHl'1SI. 

CTpyKTypa 111 nocTpoeHHe BTOpoli'1 KHlllrn e OCHOBHOM noeTOpsieT CTPYKTYPY «A36yK111 

pa.n,111011t06111TeJ1S1». 6011bWaSI 'iaCTb 3aHSITlll!i'1 COCT0"1T 1113 Tpex caMOCTOSITellbHblX pa3.o,e

JlOB: TeopernYeCKOH Yacrn, o60PYAOBaHlllSI pa6oyero MecTa Ill npaKrn'ieCKOVI pa60Tbl. 
0CHOBHOe OT11111Ylll0 «WKOJlbl» OT «A36yK"1» COCTOl'1T B 6011ee rny60KOM l'1 CTporoM 1113110-

>KeHllli.1 Teop111111, nOBblWeHHOH CJlO>KHOCTlll KOHCTpyKU,lllH, npe.o.naraeMblX AflSI co6CTBeH

Horo 1'13fOTOB110Hl'1SI, Ill 111cno11b30BaHllllO pa3J1111YHOH 1113Mep111TeJlbHO!i'1 annaparypbl npl'1 

peryJ11'1POBKe l'1 HaJ1IDKl'1Bal11'11'1 3TlllX KOHCTPYKU,1'1H. 

no 3aMb1cny aeTOpa "' 1113,1J,aTe11si Yl'1TaTe11b, .o,o6pocoeecTHO npowe.o,wl'1H o6a Kypca 
l'1 c.o.aewl'1VI BblnYCKHOH 3K3aMeH-TeCT, no ypoeHtO 3HaHl'1H 111 npaKTl'1Y0CKl'1M HaBblKaM He 

6yAeT ycrynaTb BblnyCKHlllKBM pa,D,lllOT0XH"1Y0CKlllX TeXHl'1K}'MOB l'1 npo¢>Texy'il'1J11'1UJ,. 
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JJ.\l-Uff~IE flEPBOE 

TeopMH 

Ha npoTsn1<eH111111 ecex 12 aaHRrni-1 nepeoi.1 KH&o'lrlll - «A36yKa paA111omo611ne11R» -

Mbl 3HaKOMlll11111Cb npaKTlllYeCKlll co BCeMlll npeACTaBlllTe11S1Mlll 6011bWOro Kllacca pa,o,1110-

KOMnOHeHTOB, TaK Ha3blBaeMblMlll naCClllBHb/Mlll pa.o,111oaneMeHT8M"1: pe3111CTOpaMlll, KOH

AeHCaTopaMlll, 1<aryw1<aM111 lllHAYKTlllBHOCTlll, BeHTlll11S1Mlll (AlllOAaMlll), lllX Ha3HaYeHll!eM, 

CBOUICTBaMlll, Bbln011HS1eMblMlll B pa311111YHblX cxeMax 4>YHKU,lllS1Mlll. 

'-ITO S1811S1eTCS1 xapaKTepHblM Ill 0611.llllM A11S1 ecex 3TlllX OYeHb pa311111YHblX no CBOlllM 

CBOHCTBaM AeTanei.1, Ill noYeMy lllX OTHOCS'IT I< 1<11accy naCC"18Hb/X paAlll0311eMeHTOB? 

111 noToM: ec11111 ecTb naccHBHble pa,o,1110311eMeHTbr, TO, c1<opee ecero, AOll>KHbl cyll.le

cTeoeaTb 111 npoT111eono11o:>1<Hb1e lllM 8KT"1811b/e pa,o,111os11eMeHTb1? 

np111 ecei.1 1<a>Kyll.lellicS1 npOCTOTe OTBeTlllTb Ha 3TOT eonpoc coeceM He TaK 11er1<0. 

'-IT06bl He 6b1Tb ro11oc110BHblMlll, np111BeAeM ocplllU,lllallbHOe onpeAe11eH111e, c KOTOporo Ha

YlllHaeTCS'I «CnpaBO"IHaS'I l<Hlllra pa,o,111011t06111T011S1-KOHCTPYKTOPa» noA 0611.lei.1 peAa1<u,111ei.1 

npocp. H. 111. '-1111cTR1<oea: 

3Jte1Cmpo1l1lbte qenu, coiJep:m:alJ.'1ue mpa1laucmopbt uJtu 

unbte npuoopbt, ycuJtu6a101J.'1ue npoxoiJalJ.'1ue 1lepea nux cuz-

1-taJtbt, naabt6a10mca a1CmU61lbt.Mu qena.Mu. ~enu, 6 1COmo

pbtX ycuJte1lu.R 1le npoucxoiJum, 1la3bt6a10mca naccu6Hbt.Mu. 

8 CTpOroM COOTBeTCTBllllll c 3TlllM onpeAe11eH111eM yc11111111Te1lbHbli.1 1<ac1<aA Ha TpaH3111C

TOpe, co6paHHbli.1 no cxeMe c 0611.llllM 3MlllTTepoM, S1BJ1S1eTCS1 aKTlllBHOi-1 u,enbtO, nOCKOllb

KY c111rHa11 Ha ero BblXOAe MO>KeT 6b1Tb 6011bwe c111rHa11a Ha exoAe, T. e. Ha11111u,o yc111ne

H111e C"1rHana. Ho ec11111 B TOM >Ke Kac1<a,o,e TOT >Ke caMbliil TpaH3111CTOP BKlltOYeH no cxeMe 

c 0611.llllM KOJlJleKTOpOM, TO cvrrHall HB BblXOAe KaCKBAa OKa3blBaeTCS1 MeHbWe BXOAHOro 

c111rHana, T. e. npo111cxoA111T He yc111neH111e, a, HanpoT111e, ocna6neH111e « ... npoxo,o,Rll.lero Ye

pea TpaH3111CTOp ... » ClllrHar.a. nonyYaeTCS'I, YTO B nepBOM cnyyae Mbl lllMeeM A0110 c aKTlo1lll

HOill u,enbtO, a BO BTOpOM - c naCClllElHOill, XOTS1 Ha CaMOM Aene 3TO OAHa Ill Ta >Ke u,enb. 

111 KaK 6b1Tb e ceere np1o10e,o,eHHoro onpe,o,e11eH111S1 He c yc111111o1re11RM1o1, a c reHepaTO

paMvr, K l<OTOPblM HlllKaK HeJlb3S1 nplll110)1(111Tb nOHS'ITllle « ... npoXOAS111.llo1i.1 "lepe3 HlllX Clllr

Hall ... »? K KaKOMy Kllaccy CJleAyeT OTH0CTlll reHepaTOpbr: K 8KTMBHb/M u,enRM 11111111 K nac

ClllBHb!M? 

Me>KAY TeM caM cpaKT yeeJllll'·leHlllS1 BblXOAHOro c111rna11a OTHOClllTellbHO BXOAHOI u 

nplllCYl!l He TOllbKO aKTlllBHb/M u.enRM: TBKlllM >Ke CBOillCTBOM 0611a,o,at0T lo1 nOBblWBIOl!llo1e 
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rpaHccf>opMaTopb1 111 pe3oHaHCHble KOH'fYpb1 Ha YacToTe pe3oHaHca, KOT0pb1e np111 eceM 

>1<e11aHllllll He11b3SI OTHeCTlll K BKTlllBHblM, XOTSI c111rna11 Ha I/IX BblXOAe 6011bWe, YeM Ha BXO

Ae, a A11SI TpaHccf>opMaTOpa K TOMY :>Ke cnpaBeAJllllBO YTBeP>KAeH111e, YTO « ... c111rHa11 

npOXOAlllT yepe3 Hero ... 

KaK BlllAlllM, np111eeAeHHOe oct>111u111a11bHOe onpeAe1leH111e oYeHb TPYAHO np1113HBTb OA

H03HaYHblM, 111c<1epnb1eaiow,111M 111 eceo6beM1110w,111M. Mo>KHO nonblTBTbCSI 111cno11b30BaTb 

APYroiil Kp111Tep111iil, cpaeH111easi BblXOAHOiil 111 BXOAHOiil c111rHa11b1 He no 111x ee11111<1111He (aMn-

11111TYAe ), a, CKa>KeM, no MOUJ,HOCTlll. A 3aOAHO orpaHlll'llllTb nplllHBAJle>KHOCTb K BKTlllBHblM 

pa,o,111os11eMeHTaM (uensiM) nOHSITllleM ~eTb1pexnon10cH11TK. SrnM cpa3y >Ke BblBOASITCSI 3a 

paMKlll BKTlllBHblX 311eMeHTOB Ill pe30H0HCHble KOHTYPbl Ill TpaHccf>opMaTOpbl, nOCK011bKY 

OHlll He yee11111YlllBBIOT MOLJ.J,HOCTb BXOAHOro c111rHa11a. 

A see BlllAbl reHepaTopoe, HanpoTlllB, CTBHOBSITCSI aKTlllBHblMlll 311eMeHTaMlll Ha 3a

KOHHOM OCHOBBHllllll, noCK011bKY MOUJ,HOCTb Ha lllX BblXOAe ecerAa SIB11SleTCSI no110>1<111Te11b

HOiil Be11111YlllHOiil, TOrAa KaK BXOAHOiil c111rHa11 paeeH Hy11IO (era npoCTO He cyw,ecTeyeT 

y reHepaTopoe c CaMOB036y>KAeHllleM) 1111160 OH 3H0YlllTe11bHO MeHbWe no MOUJ,HOCTlll, 

YeM BblXOAHOiil c111rHa11 y reHepaTopoe c BHeWHlllM B036y)l(AeHllleM. 

BeeAeH111e arnx Kp111Tep111ee cyw,ecTeeHHO pa3rpaH111<1111eaeT noHsiT111si aKTHBHbllii pa

/l,viosneMeHT Ill nacCllTBHb/ff pa,o.HosneMeHT, a ec11111 K 3TOMY A06aBlllTb, YTO yee11111YeH111e 

MOUJ,HOCTlll BblXOAHOro c111rHa11a npOlllCXOAlllT lllCKJ1IOYlllT011bHO 30 CYeT 3Hepr111111 AOn011Hlll

Te11bHOro BHewHero lllCTOYHlllKa, CTaHOBlllTCSI B03MO>KHblM npeAJlO>KlllTb C11eAylOw,ee on

peAe11eH111e: 

A1emuenbt.M paouoaJte.Menmo.M naabteaemca paooma· 

1014uu om eneul1iezo ucmo'lnu1ea aJte1empoanepzuu ttembtpex

no.n.10cnu1e, cuzna.n. na Bbtxooe 1eomopozo npeeocxooum no 

.MOf4HOcmu n00600U.MbLU IC He.My a.n.e1emputteCICUU cuzna.n.. 

Y ee.n.uttenue .Mozq.nocmu npu amo.M npoucxooum uc1eJt10ttume.n.bno aa cttem 

anepzuu eneurnezo ucmo'lHUJCa. 

np111HS1B TaKoe onpeAe11eH111e, MO>KHO YTBep)l(AaTb, "ITO nio6oti paAM03neMeHT, He 

YAOBneTBOPRIO~Mti XOTSI 6bl OAHOMY M3 nepe'tMCneHHblX ycnoa111ti, RBnReTCSI nac

CMBHblM paAM03neMeHTOM. 

Bee pa,o,111os11eMeHTb1, 1113yYeH11110 KOTOPblX 6b111a nocesiw,eHa nepeasi KH111ra «A36yKa 

pa,o,111011106111Tel1S1», OTHOClll11111Cb K rpynne nacClllBHb/X. Bo BTOpoiil KH111re «WK011a pa,o,1110-

11106111Tel1SI» Mbl 6yAeM napa1111e11bHO 1113YY0Tb 6011bWYIO YaCTb aKTlllBHblX P0AlllOKOMnO

HeHTOB (pa,1J,111011aMnbl, TpaH3111CTOpbl, MlllKPOCXeMbl Ill T. n.) Ill pacw111pS1Tb 3HaHlllSI 0 pe3o

HaHCHblX ClllCTeMax, KOTOpble CTPOSITCSI 1113 y>Ke 1113B9CTHblX HaM OAlllHOYHblX pe3oHaHC

HblX KOHTYPOB Ill no HaWeMy HOBOMY onpeAe11eHllllO OTHOCSITCSI K naCClllBHblM. 

Ho npe>KAe YeM Mbl nepeiilAeM K cyw,ecTBy Ae11a, ew,e pa3 eepHeMcsi K oct>111u111a11bHO

My onpeAe11eH11110 aKTlllBHblX paA111os11eMeHTOB e «CnpaeoYH111Ke paA111011io6111re11si» 111 Ha

weMy onpeAe11eHllllO. B oct>111u111al1bHOM onpeAe11eHllllll CKa3aHO, YTO 0KTlllBHble uen111, co

,a.ep>1<aw,111e TpaH3111CTOPbl 11111111 lllHble 0KTlllBHble 311eMeHTbl, yc111nvisa10T npOXO/l,flLJ.J,V/e ~e

pe3 HlllX 311eKTPlllYeCKllle ClllrHa11bl, a B HaweM onpeAe11eHllllll 06 yc11111eH111111 ClllrH0110B Hiil

Yero He roeop111Tcsi. noYeMy? 

OTBeT OY0Hb npocrniil, XOTSI Ha nep0b1iil B3r11SIA 111 napa,o,0Kca11bHb1iil. Ae110 e TOM, YTO 

Ht.1KaKoiil TaK H03blBaeMbliil yc111n111renb, paBHO KaK Ill 11I060iil aKT"1BHbliil 311eMeHT, Ha caMOM 

A811e HlllK0Kt.1X 3JleKTpt.1YeCKlllX Ct.1rHa!lOB He yc1.1111110aeT "1 yc111111.1eaTb npocTO He MO>KeT. 

A YT06bl 3TOT napa,D,OKC CTa11 06bSICHt.1M, nplllAeTCSI npt.16erHYTb K npt.1eMy, KOTOpblM 

Mbl YaCTO nO!lb30B011t.1Cb B nepeoiil KHl/lre: K aHaJlOrllllll. Ill Ha 3TOT pa3 pacCMOTPlllM ct>111-

3t.1KY npoueccoe, npOt.1CXOASIUJ,lllX B o6blYHOM At.1anpoeKTOpe, cnaiilAOCKOne 11111111 B KlllHO. 
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MmKHO }'TBep>K,D,aTb, "ITO mo6oiil 1113 KOMnneKCOB 3Tll1X annapaTOB COCTOlllT 1113 UCT0'-1-

HUKB csera, onru.,ecKoro npeo6pasosarenfl - o6beKrusa u 3KPBHB, Ha KornpoM eoc

npo1113eo.o,111TCA yee11111YeHHoe 111306pa>KeH111e c11aiilAa (K111HoKaApa). 11!306pa>KeH111e Ha 

c11aiilAe 11111111 A111ano3111rnee Mbl enpaee C"llllTaTb BXOP.HbtM curHanOM, a 111306pa>KeH111e Ha 

6011bWOM 3KpaHe - Bb/XOP,Hb/M CUrHBnOM. 

PaccMOTPlllM, "ITO npo111cxoA111T np111 pa6orn c11aiilAOCKona 11111111 A111anpoeKTopa. Ec11111 

B np111eMHOe OKHO He BCTae11eH HlllKaKOiil KaAP (BXOAHOiil c111rHan OTC}'TCTeyeT), 6011bWOiil 

3KpaH paBHOMepHO OCBeLI..\eH. np111 3TOM, HeCMOTPA Ha OTC}'TCTBllle BXOP,HOrO CUrHanB, 

pacxoAyeTCA 3HeprnA BHewHero lllCTO"IHlllKa (11aMnb1), lllAYIJ..\aA Ha OCBelJ..\eH111e 3KpaHa. 

Tenepb BCTae111M e npoeKTop A111ano3111rne. Ha 3KpaHe nos1B111TCA TOYHaA Macwrn6HaA 

(yee11111YeHHaA) KOnlllA BXOAHOro ClllrHana, np111YeM APKOCTb 3Toro 111306pa>KeHlllA HlllKaK 

He 3aBlllClllT OT caMoro c11at1Aa, a onpeAe11AeTCA lllCKJllO"llllTellbHO lllHTeHClllBHOCTblO cee

TOBoro noTOKa lllCTO"IHlllKa ceeTa. 11111111, "ITO TO >Ke caMoe,- MOU(HOCTblO BHewHero lllC

TO"IHlllKa 3Heprn111. 

HeTPYAHO e111AeTb, YT6 e npouecce npoeKL{uu Ha 3KpaH npo1113ow110 0Yee111AHoe yse

nu'-leHue ("1111Taiil - yc11111eH111e) pa3Mepoe Ill APKOCT"1 111306pa>KeHlllA, HaHeCeHHOro Ha 

c11aiilAe, OAHaKO HlllKaKoro 1113MeHeHlllA CBMOro cnaVl.o.a ("1111Tat1 - BXOAHOro c111rHa11a) 

np111 3TOM He npo1113ow110: c11aiilA Ill 111306pa>KeH111e Ha HeM OCT811111Cb Helll3MeHHblMlll. 60-

11ee TOrO, OHlll 6YAYT npoAOll>KaTb OCTaeaTbCA Helll3MeHHblMlll, Aa>Ke ec11111 Mbl c nOMO

LI..\blO onrnKlll 6yAeM 1113MeHATb pa3Mepbl Ill APKOCTb 111306pa>KeHlllA Ha 60J1bWOM 3KpaHe 

('1111Taiil - 1113MeHATb BblXOAHOt1 ClllrHan). 

0TCIOA8 MO>KHO CAellaTb Ba>KHblt1 BblBOA: Hiii c11at1AOCKOn, Hiii KlllHOnpoeKTop eoece 

He yee11w-1111Ba10T Ill He yc11111111Ba10T 111306pa>KeH111e Ha c11at1Ae 11111111 KlllHOKSApe. CHiii C03A8IOT 

ceoe co6cTeeHHoe op111rnHa11bHoe 111306pa>KeH111e Ha 6011bWOM 3KpaHe, 111cno11b3YA e Ka

YeCTee puCOBBnbHOro Marepuana CBeTOBYIO 3Heprnl0 JlSMnbl, B KSYeCTBe KUCTU 11111111 KB

PBHP,BWB OnTlllYeCKlllt1 npeo6pa3oeaTe11b, a c11at1AY 11111111 KlllHOKSAPY np111 3TOM OTBOAlllTCA 

CKPOMHaA P011b op111rnHa11a, c KOTOporo Ha 60J1bWOM 3KpaHe p111cyeTCA TO"IHaA KOnlllA. 

CoeepweHHO TOYHO TaK >Ke cneAyeT paccMaTp111eaTb 111 11io6oiil paA1110TexH111Yec1<111iil 

yClllJllllTellb. npoBOAA aH8110rll!IO C AlllanpoeKTOPOM, MO>KHO }'Teep>K,D,aTb, YTO B yc11111111Te-

11e po11b 111CTOYH1111<a ceeTa Bbmo11HAeT lllCTOYHlllK a11eKTpon111TaH111A (cerneoiil BbmpAM111-

Te11b 11111111 ranbeaH111Yec1<111iil a11eMeHT), po11b 6011bworo 3KpaHa - Harpy3Ka yc11111111Te11A, 

po11b OnTlllYeCKOro npeo6pa3oeaTe11A - co6CTBeHHO SKTlllBHbliil (YClllJllllTeJlbHbliil) 311e

MeHT - pSA111011aMna 11111111 TpaH3111CTop, po11b c11aiilAS - exOAHOiil c111rHa11, noABOAlllMbliil 

K yc11111111Te1110, a 6011bWOe 111306pa>KeH111e Ha 3KpaHe eCTb He "ITO lllHOe, KaK yc11111eHHbliil 

ClllrHan Ha BblXOAe (Ha Harpy3Ke) yc11111111TellbHOrO KaCKSAa. 

Ill TOrAa H8AO 6yAeT np1113HaTb, "ITO Jll06ot1 TaK Ha3blBaeMbliil ycunurenb no CyLI..\eCTBY 

ABJlAeTCA ecero JllllWb npeo6pa30BaTe11eM 3Heprn111 BHeWHero lllCTOYHlllKa, no3BOJ1A

IOIJ..\llliil nOJlyYlllTb HS BblXOAHOiil Harpy3Ke 311eKTpw.1ec1<111iil ClllrHan, B TOiil 11111111 lllHOt1 CTene

Hlll np111611111>Ka10IJ..\llliilCA K ¢>opMe ClllrHana, nOABOAlllMOro KO BXOAY yc11111111Tel1A. 

0AHaKO YTO 3TO elJ..\e 3a oroeopKa: « ••. np111611111>KalOIJ..\llliilCA no ¢>op Me ... »? :3TO BOBCe 

He oroeopKa. B 11I060M yc11111111Te11e 3a CYeT pa311111"1HblX lllCKa>KeHllliil BblXOAHOiil ClllrHaJl 

ecerAa Ill He11136e>KHO OTJllllYaeTCA no ¢>opMe OT BXOAHOro. B OY9Hb XOPOWlllX YClllJ1111Te11AX 

3Ta pa3H111Ua MO>KeT COCTaBJlATb TblCAYHble AOJllll npoueHTa Ill 6b1Tb H93aMeTHa Aa>Ke no 

np1116opaM, HO eo MHornx 6b1TOBblX PSAlllOannaparnx cpeAHero Kllacca - np111eMH1111<ax, 

MarH111To¢>0Hax, n11eepax - eno11He MO>KeT AOCrnraTb 111 10%. 
Ill nocneAHee: Hiii npo OAlllH yc11111111Tellb H9Jlb3A CKa3aTb, "ITO « ... 311eKTplll"leCKllliil c111r

HSJ1 npoxOAlllT 1.1epe3 Hero ...... Tat< >Ke, KaK 111306pa>1<eH111e Ha c11at1Ae eoece He npoxOAlllT 

Yepe3 OnTlllYeCKYIO ClllCTeMy, TaK Ill BXOAHOiil ClllrHall, nOABOAlllMbliil K yc11111111Te1110, AaJlbWe 

BXOAHblX KJ19MM HlllKYAa He npOXOAlllT. Ero ¢>YHKUllllll orpaHlllYlllBalOTCA ynpae11eH111eM 

npeo6pa3oeaTe11A, 6YAb TO paA1110118Mna, TpaH3111CTOp 11111111 MlllKpocxeMa. np111 3TOM 

B 6011bWlllHCTBe CllyYaee 3Hepr111A BXOAHOro ClllrHana 1111160 eoece He pacXOAyeTCA (11111111 

pacxoAyeTCA HlllYTO>KHO), KaK e c11yL1ae 111cno11b30BaH111A PSA111011aMn 111 no11eeb1x TpaH3111C-



TOPOB, 1111160 "'laeTlll"'IHO paexo.a,yeTefl, HO He B npo1.teeee ye11111eHlllfl, a Ha aKTlllBHblX 311e

MeHTax, eoeTaB11fllO~lllX BXOAHYIO 1.tenb ye11111ITTe1lfl Ha 6111no11flpHb1X TpaH3v.ieropax. 

noHflTHO, "'ITO Hiii 0 KSKOM ccnpOXO)l(,D,eHllllll 311eKTplll"'leeKOrO ClllrHana "'lepe3 ye11111111-

T911b» roeoplllTb He nplllXOAlllTefl. 0.a,HaKO eoeepweHHO 0"'198"1,D,HO, "'ITO 38 e"'leT 3Hepr111111 

111eTO"'IHlllKa n111TaHlllfl MOUJ,HOCTb BblXOAHOrO elllrHana MO>KeT BO MHOrO paa npeeoCXO,D,HTb 

MO~HOeTb BXOAHOro e111rHana, Ill lllMeHHO B 3TOM eMble11e Ha,D,O nOHlllMaTb, "'ITO 8KTMBHble 

pa.a,111os11eMeHTbl ye11111111eaioT no.a.eo.a.111Mblli1 K HlllM 311eKTp111"'leeK111li1 e111rHan. 

Ha"'l111Hafl Hawe 3HaKoMeTeo e aKT111BHb1M111 pa.a,1110311eMeHTaM111, yKa>KeM, "'ITO cero.a,Hfl 

see OHlll B eBOIO O"'lepeAb .a.e11f1Tefl Ha .a.ee 6011bWllle rpynnbl, ey~eeTBeHHO pa311111"'1a

IO~llleefl Me>KAY eo6oli1 no ey~HoeT111 npo111exo.a,fl~111x eHyrp111 3T"1X np1116opoe <1>1113111"'le

eK111x npo1.teeeoe. 

nepaaR 1113 3TlllX rpynn - 311eKTpoeaKYYMHble 111 ra3opa3pf1AHb1e np1116opb1, rnn111"'1Hbl

M111 npe.a,eT8BlllTe11flMlll KOTOpblX flB11fllOTefl see TaK H83blB80Mbl0 pa.a,111011aMnbl, 311eKT

pOHH0-11y"'leBbl0 np1116opbl (oe1.t1111111orpa<1>111"'leeK111e Tpy6Klll Ill T0110Blll31110HHbl0 KlllHe

eKOnbl), eeeTOBbl0 lllHAlllKBTOPbl H8eTpOli1Klll, ra30Bbl0 eTa61111111138TOPbl HanpR>K0Hlllfl, Tlll

paTpOHbl 111 PflA .a,pyrnx, e KOTOpb1M111 Mbl 6y.a,eM aHaKOMITTbefl no xo.a.y .a.e11a. 

BTopaR rpynna 06be,D,111HfleT e ee6e see BlllAbl no11ynpoeo.a,H111KOBblX np1116opoe: 

TpaH3111eTOpbl, MlllKpoexeMbl, TlllpllleTOpbl Ill T. A· , 

noeK011bKY <1>111a111Ka npo111exo.a,fl~111x e 3T111x np1116opax npo1.teeeoe ey~eeTeeHHO paa-

11111"'1Ha, HeB03MO>KHO 06bfleHlllTb nplllHLtllln lllX .a,ellleTBlllfl OAHOV! o6~eli1 Teop111eli1, no3TOMy 

B03HlllKaeT npo611eMa np111op111TeTa, 06HBPY>KlllBalO~fl eeo111 TPYAHOCTl/I. 

c OAHOV! CTOpOHbl, eero,D,Hfl a6e011IOTHOe 6011bWlllHCTBO annaparypbl eypo111Tefl e 111e

n011b30BaH111eM 111eK1110"'l111Te11bHO no11ynpoeo.a,H111KoBblX np1116opoe, no3TOMy 6b1110 6b1 110-

rlll"'IHO Ha"'laTb lllMeHHO e HlllX, a e .a.pyroli1 - H011b3S1 OTplllLJ,aTb Ill Toro, "'ITO no Kpali1Heli1 

Mepe 99% eeex BbmyeKaeMblX eero,D,HS1 Te11ee111aopoe HeB03MO>KHO npe.a,CTaBlllTb ce6e 

6e3 rnaBHOVI AeTa11111 - KlllHeeKona, KOT0pblli1 HlllKaKoro OTHOW0HlllS1 K no11ynpOBOAHlllKaM 

He lllMeeT, a npe,D,eTaB11fleT eo6oli1 eaMylO o6bl"'IHYIO pa.a,111011aMny - T0TPOA. 

OeHOBOlll oeHOB Ill rnaBHblM KOMnOH0HTOM 11I060li1 eynepeoepeM0HHOli1 pa.a,1110110Ka

LtlllOHHOli1 e111CTeMbl S1B11fllOTeS1 eero,D,HS1 OTHIOAb He TpaH3111eTopbl, a ene1.tllla11bHble 3110J<T

poeaKyyMHbl0 np1116opbl - pa.a,111011aMnbl oeo6oli1 KOHCTPYKLtllilll: K11111eypOHbl Ill MarHeTpo

Hbl. 3T111 pa.a,1.1011aMnb1 sie11fl10Tefl HeoTbeM11eMoli1 "'laeTblO e111eTeM eaM0Haee.a.eH111fl eeex 

eoepeMeHHblX aeHlllTHblX ynpaB11fl0MblX paKeT, OHlll >Ke 111enpaBHO e11Y>KaT B e1.1eTeMax 

eeePXAa11bH01i1 Ill KOeMlll"'leeKoli1 PaAlllOeBS13111, 6e3 HlllX H0B03MO>KHO npe,D,CTBBlllTb e111eTe

MY peTpaHeJlfll.tllllll Te11e- Ill pa.a,111onepe,D,a"'1 MHOroKaHa11bHOli1 Te11e<1>0Hllllll. 

VlaeeeTHO, "'ITO psi.a. aapy6e>KHblX <1>111pM Ha1116011ee Bb1eoK0Ka"'leeTeeHHb1e 111 eaMble 

AOPOrllle ye11111111Te11111 3BYKOBOli1 "'laeTOTbl AO e111x nop BblnyeKalOT n011HOeTblO Ha pa.a,1110-

11aMnax, npe.a.no"'l111Tafl 111x TpaHa111cropaM. Bee 3TO roeop111T o TOM, "'ITO 111 eeroAHfl eoepe

MeHHb1e pa.a.111011aMnb1 oeTalOTeSl eoeTpe6oeaHHblMlll B eaMblX nepe,D,OBblX T0XH0110rlll

"'leeKl/IX Ill TeXHlll"'leeKlllX e111CTeMax, 3aMeHlllTb KOT0Pbl0 no11ynpOBOAHlllKOBblMlll np1.16opa

M"1 noKa "'ITO He npe,D,eTaBJlfleTefl B03MO>KHblM. 

A noeK011bKY 111eTop111 ... eeK111 nepeblMlll ycunurenbHb/MU 311eMeHTaM111 6bl11111 111MeHHO 

s11eKTpoeaKyyMHb1e np1.16opb1, a TaK>Ke Y"'llllTblBafl, "'ITO <1>111a111Ka 111x pa60Tbl A11fl Henoeefl

~eHHoro "'llllTaT011fl 6011ee nOHflTHa, "'leM AOeTaTO"'IHO a6cTpaKTH8fl «3110KTPOHHO-AblpO"'l

HaS1 TeOplllSl» pa60Tbl TpaH3111eTOpa, Mbl B Haweli1 KH111re Ha"'IHeM e 311eKTpoeaKyyMHblX 

np1116opoe. 

B KOHLte KOHLtOB, e "'lero-TO Ha,D,O Ha"'llllHaTb! 

BH0Cfl fleHoeTb B T0PM"1H0110rllll0 Ill paao6paBWlllCb c pa3HblMlll rpynnaMlll BKTUBHb/X 

pa,o.UOKOMnOHBHTOB, MO)l(HO nepeli1rn K Henocpe,D,eTB0HHblM TeMaM nepeoro Teopern

"'19CKOro aaHflTlllfl, eoeTOfl~ero 1113 AByx C8MOeTOflT911bHblX, He eBfl38HHblX M0>KAY co6oli1 

YPOKOB. 
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YpoK 1. nPMHUMn PAEOTbl nPOCTEMlllEM 

PALil:10/IAMI1bl - LJJ10LIA 

Pa6oTa paAlllOJlaMn OCH08aHa Ha T p ex K Ill Tax. ,D,0oe 1113 STlllX KlllT08 o6R3aTeJ1bHbl 

AJlS'I 111060'11 PaAlllOJlaMnbl, TpernVI xapaKTep1113yeT pa60TY TOJlbKO MHOrQSJleKTPOAHblX 

(6011ee A8yx s11eKTPOA08) naMn - yc11111111TellbHblX Ill reHepaTOPHblX. 

06 STOM TpeTbeM KlllTe Mbl noro0op111M nOAP06HO 8 ClleAylOw,eM pa3Aelle, nOC8S'l

w,eHHOM aHa111113y pa60Tb1 TpexsneKTPOAHOVI 11aMnb1 - TPlllOAa. A ceV!Yac ocTaH00111McR 

Ha A8yx nep8blX KlllTax, npeACTa8J1S'llOUJ,lllX OCH08Y pa60Tbl Jll06oro s11eKTp08aKyyMHOro 

np1116opa. 

K Ill T n e p 8 bl Vi - STO HalllllYllle 8HYTPlll 11aMnbl Macc1110a TaK Ha3bl8aeMblX C8060A

HblX SJ19KTPOH08, T. e. OTA0llbHblX, 06oco611eHHblX SJ10KTPOH08, He 8XOAS'IUJ,lllX 8 AaHHblVI 

MOM0HT 8 COCTa8 KaKoro-1111160 aTOMa. TaKllle C8060AHble sneKTpOHbl, 8 YaCTHOCTlll, 0cer

Aa nplllCYTCT8YIOT 8 Telle Jll06oro MeTa1111a. np111MeM STO 3a aKClllOMy. 

0Ka3a8WlllCb Ha no0epxHOCTlll M0Ta1111a, STiii C8060AHble SJ10KTPOHbl 3a CY0T 8HYT

peHHeVI SHeprn111 MOfYT nOKlllAaTb no0epxHOCTb Ill KaKoe-To 0peMR naplllT~ 8 OKpy>Ka

IOUJ,eM npocTpaHCT80, CKa)f(0M 8 803AYX0. 

Ho nocKOJlbKY 803AYX U,0J1111KOM COCTOlllT 1113 MOJ10KYJ1 ra3a, C8060AHbl0 SJ10KTPOHbl 

OYeHb CKOPO He11136e:>KHO CTaJ1Klll8alOTCS'I c HlllMlll Ill nornow,alOTCS'I, T. e. nepecTalOT cyw,e

CT808aTb KaK C8060AHble. 

Ec11111 )1(0 Haw TeopeT111YeCKlllVI KYCOK MeTa1111a noMeCTlllTb 8 lllAeallbHblVI 8aKYYM, 8bl-

11eTe0w111e c ero no0epxHOCTlll C8060AHble SJ10KTPOHbl, He 8CTpeYaS'I HlllKaKlllX noMex 8 

OKpy>KalOw,eM npocTpaHCT80, MOfYT AOCTaTOYHO AOllro HaxOAlllTbCS'I 8 C8060AHOM co

CTOS'IHllllll. BnpoYeM, nOAYlllHS'IS'ICb 3aKOHY 8CeMlllpHoro TS'lrQT0HlllS'I, SlleKTpOHbl, lllMelOUJ,llle 

HlllYTO>KHYIO Macey, yaw,e 0cero 8038paw,alOTCS'I Ha no0epxHOCTb MaCClll8HOro KYCKa M0-

Ta1111a, ec11111 sTOMY He nporn00AeVlcT0y10T APYrne c11111b1. BoT STo caMoe ec11111 AJ1R Hae 

oKa)f(eTCR caMblM rna0Hb1M, cyw,ecT80HHblM AJ1R noH111MaH111R np111Hu,111na pa60Tbl PaA1110-

11aMnb1. 

,D,pyraS'I aKClllOMa COCTOlllT 8 TOM, YTO YlllC/10 C8060AHblX SJ1eKTpOH08, nOKlllAalOUJ,lllX 

no0epXHOCTb MeTa1111a, pe3KO y0eJ1"1Ylll8aeTCS'I c n08blW0H1110M TeMnepaTYPbl MeTa1111a. 

C00VlcT00 MeTa1111a 111311yYaTb c no0epxHocrn c0060AHb1e s11eKTpOHb1 Ha3b10a10T 3M111c

c1110HHOH cnoco6HOCTb/O MeTa1111a. ,ll,JlS'I pa3HblX MeTa/11108 OHa pa3J1111YHa, Ill nopoVI 80Cb

Ma cyw,eCT80HHO. 

4T06bl cpa8HlllTb Me)l(Ay co6oVI 3MlllCClllOHHble cnoco6HOCTlll pa3HblX MeTa/11108 Ill no

llYYlllTb AOCTaTOYHO HarllS'IAHYIO KapTlllHy, MO)f(HO npeACTa8111Tb ce6e 8C0 8bllleT08Wllle 

C8060AHbl0 3JleKTPOHbl He 8 8111Ae «HeopraHlll308aHHOVI TOJlnbl», a 8 8111A0 HanpasneHHO

ro aneKTPOHHOrO nOTOKa, npeACTa8J1S'llOUJ,ero, KaK 111380CTHO, 06blYHblVI sneKTPlllYeCKlllVI 

TOK, KOTOpblVI MO>KHO 1113MepRTb, CKa>KeM, 8 MlllJllllaMnepax (MA). A CTeneHb Harpe0a Me

TallJllllYeCKOro lllCTOYHlllKa C8060AHblX SJ1eKTpOH08 OU,eH1118aTb He TOJlbKO 'no ero TeMne

paTYpe, HO Ill no KOJ1111YeCT8Y 3aTpaYlll8aeMOVI Ha Harpe8 MeTanJla s11eKTposHeprn111, CKa

)f(eM, 8 0arrax (BT). 

TorAa STiii AaHHble HeTPYAHO npe"-'CTa8111Tb 8 8111A0 Ta611111U,bl, xapaKTep1113y10w,eVI He 

npocTO COOTHOW0Hllle Me)f(Ay TeMnepaTypoVI MeTa1111a Ill KOJ1111YeCT80M 3MlllTlllpyeMblX 

C8060AHblX 3JleKTPOH08, HO Ill OAlllH 1113 8a>KHeVlw111x npaKTlllYeCKlllX noKa3aTelleVI peallb

HOVI naMnb1 - YAellbHYIO SM111cc11110 KaToAa, lllHblMlll c1100aM111 - sct>ct>eKTlll8HOCTb (Kn,D,) 

ero pa60Tb1. 

B Ta6J1. 1 np1118eA0Hbl AaHHbl0 TOJlbKO AJlS'I TeX M0TaJ11108, KOTOpb10 Ha npaKTlllKe Halll· 

6011ee YaCTO lllCnOllb3YIOTCS'I Allfl 1113rOT08JleHlllS'I KaTOA08 llaMn. np111 3TOM Cl10AVP.l 
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"1MeTb B B"1AY. 'lTO 'la11.1e ecero "1CnOnb3YIOTCR KaTOAbl KOM6"1H"1POBaHHble, B KOTOPblX 

"1CTO'lH"1KOM Tenna RBnReTCR cponbcppaMOBaR H"1Tb, 06naAat011.1aR BblCOKOiii npO'lHOCTblO 

,,, AOnroee'lHOCTblO, HO H"13KOiii 3M"1CC"10HHOiii cnoco6HOCTblO. lllCTO'lH"1KOM )Ke CB060A

HblX sneKTpOHOB cny)K"1T He caMa sTa H"1Tb, a HaHeceHHb1iii Ha ee noeepxHOCTb cnoiii 

Apyroro Mernm1a "1n"1 ero OK"1Cna, scpcpeKrnBHO "13ny'lal011.1"1iii sneKTPOHbl, HO o6naAa

IOl1.114iii H"13KOiii MexaH"1'leCKOiii npO'lHOCTblO. 

Ta6n"1u,a 

nAPAMETPbl «"IVICTblX• nPs:IMOHAKAJlbHblX 111 AKTVIBVIPOBAHHblX KATOAOB 

Tim KSTOAa Pa6o<la11 TeMnepaiypa, YAenbHSSI 3M111cc11111, np111MepHblj:! 
oc MA/BT CPOK cnyiK6bl, ... 

LI lllCTbllil e0111><1>paM 2100 ... 2300 2 ... 6 200 ... 1000 

Topt.1poeaHHbllil 1450 ... 1600 30 ... 50 800 ... 1000 

Kap60Ht.1poeaHHb11il 1650 ... 1750 40 ... 70 500 ... 700 

0KCt.1At.1POB8HHbllil 630 ... 830 50 ... 100 1000 ... 1500 

6apt.1eBblH 430 ... 630 70 ... 120 1400 ... 1700 > 

U,eat.1eBbllil 380 ... 430 250 ... 300 -

lllTaK, c nepBblM K,,, T 0 M Mbf ~e no'lrn pa306pan"1Cb, T. e. noHRJ1"1, 'lTO AJ1R pa60Tbl 

n106oiii PaA"10naMnbl BHYTP"1 ee eaKyyMV'lpoeaHHoro 6annoHa AOJ1)KeH o6R3aTenbHO Ha

XOA"1TbCR "1CTO'lH"1K CB060AHblX 3J1eKTpOHOB: 'la11.1e ecero 3TO nOAOrpeeaeMaR 3J1eKTp"1-

'leCK"1M TOKOM MeTann"1'leCKaR H"1Tb (B 'l"1CTOM B"1Ae "1n"1 aKT"1B"1POBaHHaR), KOTOPYIO Mbl 

B AaJ1bHeiiiweM 6yAeM Ha3btBaTb KaTOAOM. 

LIT06bl 6b1Tb COBCeM ~ TO'lHblM"1, oroeop"1MCR, 'lTO B PRAe cny'laee KaTOA MO)KeT 

6b1Tb ,,, H0 ropR'l"1M, a xonOAHbfM. B srnx OC06blX cny'laRX CB060AHbfe 3J10KTP0Hbl c no

eepXHOCrn KaTOAa MOrYT BblJ10TaTb H0 noA A0iiiCTB"1eM BblCOKO~ TeMnepaTypbl, a nOA 

B03A0iiiCTBH0M ceeToeoro nY'la. Ho 06 3TOM Mbl noroeop"1M noa)Ke. 

BT 0 p 0 iii K ,,, T Ha3blBaeTCR OAHOCTOPOHH0iii npOBOA"1MOCTblO ,,, npeACTaBnReT co-

6aiii He3b16neMoe npae"1no: 

8Jte1emp01tbt Bnympu Jta.Mnbt .Moeym nepe.MefJ'1ambcsi m0Jtb-

1eo 6 OOHO.M 1tanpa6Jte1tuu: om 1Camooa 1C anooy, a om anooa 
1e 1eamooy ne .Moeym. 

Ha BnOJ1H0 3aKOHHbliii eonpoc: «A nO'l0My ?» - cy11.1ecTeyeT O'leHb npocTOiii OTB0T. 1113 

WKOJ1bHOro Kypca cj>"13"1K"1 "13BeCTHbl ABe "1CTL1Hbl: 

1. 3neKTpoH RBnReTCR sneKTP"1'leCK"1 OTP"1f..laTenbHO 3apR)KeHHOiii 'lacrnu,eVi: 

2. Pa3H0"1MeHHb1e 3aPRAbl np"1TRrnealOTCR, OAH0"1MeHHb1e - orranK"1BalOTCR. 

Tenepb nocMOTP"1M Ha pV1c. 1, npeACTaBnR10L1.1"1iii e AOBOnbHO ycnoeHoiii cpopMe ycT-

poiiicTeo npocTeiiiweiii AByxsneKTPOAHOiii PaA"1onaMnb1 - A"10Aa. 

3AeCb "1CTO'lH"1KOM CB060AHbfX sneKTPOHOB (KaTOAOM) cny)K"1T aKrnB"1POl3aHHaR 

BOJ1bcppaMOBaR H"1Tb, a BTOpblM 3J1eKTPOAOM (aHOAOM) RBJ1ReTCR u,enbHOMeTaJ1J1"1'leC

KaR nnacrnHa, HaXOARll.laRCR Ha pacCTORH"1"1 L OT KaTOAa. 3TO paccTORH"1e L OK~eTCR 
O'leHb cy11.1ecTBeHHblM, KOrAa Mbl 6yAeM paccMaTp"1BaTb sneKTPlll'IBCK/lle xapaKTePlllCT/11-

K/ll A"10Aa. He 6yAeM 3a6b1eaTb TaK)Ke, 'lTO ecR am KOHCTPYKU."1R HaXOA"1TCR BHYTP"1 3a

naRHHoro CTeKJlRHHOro 6annoHa, "13 KOTOporo nOJlHOCTblO YAaJ19H B03AyX. 
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Ka mod 

+ 

]11eKmpOHHOe 
·ao11aKo • 

8Kll. 

P111c. 1. CxeMaTw1ecKoe yCTpoAcTBo eai<yyMHoro AMOAS 

np111 HarpeeaH1<1"1 KaTOAB. e ero noeepxHOCT"1 6YAYT BblneTaTb eeo6oAHble 3neKTJ)o

Hbl. noeKOnbKY pa3M8pbl 3neKTpOHa HWITO:>KHbl "1 a6eomOTHO H0eOl<13Mep1<1Mbl e pae

eTORHl<10M L "' OTeyreTBYIOT BHBWHHB npWIHHbl, no6y:>t<Aal01.J..1"10 3n0KTP0Hbl AB"1raTbeR 
"1M0HHO B CTOPOHY aHOAB., OHl-1 6yAyr CKann"1BaTbCR B H0KOTOpoVI o6naern BOKpyr Ka

TOAB., o6pa3yR TaK Ha3blBaeMoe 3flBKTJJOHHOB o6naKO, "1306pa:>t<eHHOe Ha p111e. 1 B B"1Ae 

TO'l8K. 
nnoTHOeTb 3TOro o6naKa nponopu1-10HanbHa 3MHCCHOHHOill 3c/>c/>BKTlllBHOCTH AB.HHO

ro Bl<1Aa KaTOAB. 1-1 era TeMneparype "' 6yAeT oeTaBaTbeR AOeTaTO'IHO noeTORHHOli1, no

eKOnbKY 6eeKOHe'IHOMY np1<1TOKY HOBblX CB060AHblX 3neKTpOHOB 6yAeT npenRTCTBOBaTb 

3aKOH, no KOTOPOMY H0Bbl8 OTP1<1LtaTenbHO 3apsi:>KeHHble 3neKTpOHbl 6YAYT OTTanK"1BaTb

esi TaK:>Ke OTp1<1uaTenbHO 3apR:>K8HHblM aneKTpOHHblM o6naKOM. 

YcTaHos1-1eweeesi paeHoeee1-1e 1113MeH1<1TCR TOnbKO np111 "13MeHeH1111-1 TeMneparypbl Ka

TOAa 111n1<1 nOA B03Aeli1eTB"18M Apyroli1 BHeWH81i1 Cltlnbl. i.1 HMeHHO TaKOli1 BHewHeli1 c1-1noli1 

RBnReTeR 3flBKTPWIBCKlllill nOTBH1'111Bn BH0WHero HCTO'IHlllKa 3neKTp"1Y0CKOVl 3H8pr111"1 

(Hanp111Mep, 6aTapeVIK1<1 OT KapMaHHoro ¢oHapsi). Ha p111cyHKe TaKaR 6aTapeli1Ka o6oaHa-

YeHa CltlMBOJJOM -11- "' npeAeTaBnRST co6oli1 "1CTOYHl<1K noCTORHHOrO TOKa, xapaKTep1-1-

3Y0Mblli1 ABYMR OCHOBHblMlil napaMeTpaM"1: 3n0KTPOAB1<1>KYIJ..l01i1 c1-1noli1 (3,D,C) E 1-1 BHyr

peHHltlM eonporneneH1<1eM r. 
YTO npOlil30VlA0T, eenH Mbl nOAC00A"1H"1M Hawy 6aTapeli1KY nnlOCOBblM nonlOCOM 

K aHOAY. a MltlHYCOBblM K KaTOAY? TorAB. 0Ka:>K0TCR, YTO o6a 3JJ0KTPOAB. naMnbl CTaHOBRT
eR 3neKl'p1<1YeeK1<1 aapR)l(eHHblMl-1: aHOA - nonO)l(lo1T0JlbHO, KSTOA - OTp1-1uarenbHO. i.1 Te

nepb aneKTpOHHOe o6naKO OKa:>KeTeR noA B03A01i1CTBl-10M BHBWHBill CHnbl. KpoMe Toro, 

e nOAKJJIO'leH1<18M 6arapeli1K"1 y Hae 06pa3yeTeR 38MKHyrBR 3fl8KTJJWIBCKaR 1'Bnb. 

nono)l(1<1TenbHO 3apm1<eHHblli1 aHOA Ha'IHeT np1<1TRrneaTb K ce6e 0Tp1-1uaTenbHO aa

PR>KeHHb1e aneKTpOHbl 1-13 OKOJIOKaTOAHOro o6naKa, B pe3ynbTSTe 'lero YaeTb "13 HltlX, 
Ha1<16onee-yAan8HHaR OT KSTOAB., yeTpeMltlTCR B eTOPOHY aHOAS. 

noTOK arnx aneKTpOHOB 6yA8T npeACTaBnRTb eo6oli1 He YTO HHOe, KaK BHyrp111naM

nOBbllft noeTORHHblli1 aneKTplil'leeK1<1li1 TOK, HanpasneHHblli1 OT KaTOAB. K aHOAY· Ben1<1Y1<1Ha 

3TOro TOKa, KaK HeTPYAHO AOraAB.TbCR, 6yA0T TeM 6onbwe, 'leM 60JJbW0 aneKTpi.1'10eK"11i1 

noTeHu1-1an aHOAa. 

A YTO 6yAeT npo1<1eXOAl<1Tb, ecn111 Mbl nOAKnlO'lltlM Hawy 6aTapeli1KY o6paTHOli1 nonRp
HOeTblO, T. e nnioeoM K KSTOAY 1-1 MltlHyeoM K aHOAy? TorAB. OKa)l(eTeR, YTO Teno KSTOAS 

6yAeT HaxOAltlTbeR nOA nonO:>K"1TenbHblM noTeHu1-1anoM 1-1 see eso60AHbl0 OTp1<1uaTenbHO 
3SPR:>K8HHble aneKTPOHbl HS'lHyr nplilTRrltlBSTbCR KaTOAOM 1-1 He CMOryr noK1<1Hyrb era no

eepxHoeTb. 
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Xono.O,Hbl171, He HarpeTbl171 aHOA He 1113nY"!aeT c noeepXHOCTll1 CB060AHble 3neKTpOHbl, 

111 TaKll1M o6pa30M BHYTPll1 naMnbl 111CYe3HeT 06fl3aTenbHbl171 n e p B bl 171 K 111 T - o6naKO 

CB060AHblX aneKTpOHOB, Heo6XOAll1Mb1X ,0,nfl C03,0,aHll1fl aHO,O,HOro TOKa. BOT noYeMy no

CTOSIHHbl171 aneKTpll1YeCKll1171 TOK BHYTPll1 mo6o171 naMnbl MO)l(eT 111MeTb TOnbKO 0.0,HO Ha

npaeneH111e: OT KaTO.o,a K aHOAY· 

A YTO 6yAeT npo111cXOAll1Tb, ecn111 np111 nono)l(l!1T0nbH0171 nonsipHoCT111 BKn10YeH111S1 (nnioc 

Ha aHOAe 111 Mll1HYC Ha KaTOAe) HaYaTb yeen111Y111BaTb Hanpsi)l(eH111e aHOAH0171 6aTape171Kll1? 

6yAeT n111 TOK B naMne yeen111Y111BaTbCfl 6ecnpeAenbHO? CHaYana BCnOMHll1M, YTO TaKoe 

3Mll1CCll10HHafl cnoco6HOCTb KaTO.o,a. 3TO cnoco6HOCTb KaTO,O,a npn ,D,aHHOiif TBMnepary
pe 1113nyYaTb c noeepxHOCT111 onpe.o,eneHHOe KOnll1YeCTBO CB060AHblX 3neKTpOHOB B e,QH
HH~y BPBMBHH (Hanp111Mep, B CeKYHAy). 

A eenll1Yll1Ha 3neKTpll1YeCKOro TOKa (Hanp111Mep, B aMnepax) eCTb He YTO 111Hoe, KaK 

KOnll1YeCTBO aneKTpOHOB, npoTeKalOW.111X no npoBOAHll1KY (111n111 B )1(111AKOCTll1, 111n111 B ea

KyyMe - He 111MeeT 3HaYeH111fl) TaK)l(e B CeKYHAY· 

Ka3anocb 6b1, noYrn OAHO 111 TO )Ke. Ha caMOM )l(e Aene TOK Yepe3 naMny np111 yeen111-

YeH111111 aHOAHOro Hanpfl)l(eHll1fl 6yAeT B03paCTaTb TOnbKO AO TeX nop, noKa c noeepXHO

CTll1 KaTO,O,a 1113nY"laeTCfl AOCTaTOYHOe .Kon111YeCTBO 3nel<TpOHOB. 

Ho BOT HaCTYnaeT TaK0171 MOMeHT, Kor.o.a Yll1cno aneKTpOHOB, yneTalOW.111X 1113 o6naYKa 

K aHOAY KB)l(AYIO C0KYHAY. CTaHOBll1TCfl paBHblM Y111Cny 3neKTpOHOB, 1113nyYa0Mbl>t KaTo

AOM (TaK)l(e B CeKYHAY). 

Tenepb BOKpyr KaTO.o,a HeT. o6naKa CB060AHblX 3neKTpOHOB: KB)l(AblJft HOBbl171 3Mll1T111-

poeaHHbl171 3neKTpOH HeMe.o,neHHO np111Tflrll1BaeTCfl aHOAOM. 111 CKOnbKO 6bl Mbl nocne 
3TOro Hll1 yeenw-1111ean111 aHOAHOe Hanpfl)l(0Hll1e, yeen111YeH111e TOKa npOll1CXOAITTb He 6y.o,eT, 

nocKOnbKY Yll1CnO CB060AHblX aneKTpOHOB, 1113nyyaeMblX KaTOAOM B ceKYHAY. npn JJ,aH
HOiif TeMneparype .o.ocrnrno npe,Qena. 

~T06bl 111306pa3111Tb 3TOT npo1..1ecc rpacp111YeCKll1, B03bMeM ABe B3all1MHO nepneHA111KY

nsipHble OCll1 KOOPAll1HaT C 06W.eJ7t HyneeoJ/t TOYKOH. no rop11130HTanbH0171 OCll1 6yAeM OT

Kna,0,blBaTb B n111HeJ7tHOM MaCWTa6e eenll1Yll1HY aHOAHOro Hanpfl)l(eHll1fl (a ecn111 TOYHeP. -

een111Y111Hy pa3HOCTll1 noTeH1..1111a-

noe Me)l(,O,y aHOAOM 111 KaTOAOM), 

a no eeprnKanbHOJ7t - een111Y111Hy 

aHOAHOro TOKa, TOrAa nonyYll1M 

Ha rpacp111Ke 3aBll1Cll1MOCTb TOKa 

aHO,O,a All10,0,a OT eenll1Yll1Hbl aHOA

HOro Hanpsi)l(eHll1fl. 

3Ta 3aBll1Cll1MOCTb Ha3blBaeT

Cfl aHOAHOH xapaKTep111CTll1KOJ7t 

naMnb1 111 siensieTcsi OAHOJ/t 1113 

88)1(HeJ7tw111x xapaKTepll1CTll1K nl0-
60171 naMnbl, coeepweHHO Heo6-

XOA111MOJ7t np111 3neKTPll1YeCKll1X 

pacYeTax naMnoeoro KacKa.o,a. 

npo1..1ecc, on111caHHb1J7t Bb1we, 

111306pB)l(eH Ha p111c. 2 Kp111eoJ7t A. 
Ao HeKoTopolft TOYK111 1 Ha eep

Tll1KanbH0171 OCll1 POCT aHOAHOrO 

TOKa B 3aBll1Cll1MOCTll1 OT pocTa 

aHOAHOro Hanpfl)l(0Hll1fl flBnfleTCfl 

npo1..1eccoM n111Hel7tHb1M, T. e. npsi-

MO nponop1..11110HanbHb1M. HaY111-

HaS1 c TOYKll1 1 111 AO TOYKll1 2 TaKafl 

npsiMasi nponop1..11110HanbHOCTb 

fl 

A 

r 

.0 

Ua 

P111c. 2. Kp111sb1e aas111c111Mocrn aHOAHoro TOKa AlllOAa 

OT BHOAHOrO HanpsuKeHlllSI AflSI pa3HblX 3HB'l8Hllliil 

TeMnepaT)'pblKBTOAB 
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H•PYUJ80TCR, pocT TOKa 3aM0A/1S10TCS1, a noc11e TO"IKll1 2 nOllHOCTblO npeKpa~aeTCR. Y"la

CTOK KPll1BOlll M0)1(AY TOKaM111 0 111 1 npll1HS1TO Ha3blBaTb npRM011111HelilHblM y"laCTKOM 

xapeJ(T0PlllCTl'1Kll1, M0>KAY TO"IKaMll1 1 111 2 - eepXHll1M 3arn60M, a y"laCTOK npaeee TO"IKll1 

2 - xappKT0Pll1CTli1KOlll p0)1(111Ma HaCbl~0Hll1S1. 

BblW0 6bl110 CKa3aHO, "ITO MaKCll1MallbHO 3Mll1rnpyeMoe KaTOAOM Yll1C110 3110KTPOHOB 

B C0KYHAY npRMO nponopu,1110HallbHO TeMnepaTYP0 KaTOM. 0TCIOAa nOHS1THO, "ITO "ISM 

BblWe T0MnepaTYpa KaTOAa, TeM BblW0 111 npeA011bH00 3Ha"l0Hll10 aHOAHOrO TOKa 11aMnb1 

AO P0)1(111Ma HaCbl~0Hll1S1 111 Hao6opoT. lt1M0HHO 3TO 111 OT06p~alOT Ha rpa<1>111Ke OCTallbHbl0 

Kp111eb1e. ,lJ,ee 1113 H111x (6 111 B) cooTeeTCTBylOT 6011ee ropR"leMy KaToAy, Apyrne (r 111 ,lJ,) -

601100 XOllOAHOMy. 

COBM0~0HHbl0 Ha OAHOM rpa<1>111Ke H0CKOllbKO KPll1BblX OAHOrO CMblClla, HO COOTB0T

CTBYIO~ll1e pa3HblM yC110Bll1S1M 1113MepeHll1S1, Ha3blBalOTCS1 ceMelilCTBOM xapaKTep111crnK 111 

S1B11RIOTCS1 ea>KHelilwll1M 111HCTPYM0HTOM np111 ocy~0CTB110Hll1H 3110KTPll1"10CKll1X pac"leTOB 

11aMnOBblX CX0M. 

PaHee Mbl o6paTll111111 BHll1MaHH0 Ha TO, "ITO 8011111"1111Ha aHOAHOrO TOKa A1110Aa TaK>Ke 

HanpRMYIO ceR3aHa c paccTORH111eM L M0>KAY aHOAOM 111 KaTOAOM. TaKaR CBR3b AelilcTe111-

Te11bHO cy~ecTeyeT 111 K011111"10CTB0HHO eblpa)l(aeTCR <1>opMy11olll JlsHrMblOpa, y"lll1Tb1eaio

~elll B3all1M03ae111Cll1MOCTb aHOAHOro TOKa A1110M, aHOAHOro HanpS1)1(0Hll1R, pa6o"lelil no

eepxHOCTlll KaTOAa 111 aHOM 111 paCCTOS1Hll1S1 M0>KAY aHOAOM Ill KaTOAOM. 

,ll,11S1 Ha1116011ee pacnpocTpaHeHHOlll L{lllfllllH.0.Plll'IBCKOifl KOHCTpyKU,111111 A\.10Aa (KaTOA 

e <1>opMe npRM011111HelilHoro u,11111111HApa, pacno11o>KeHHoro no oc111 TaK>Ke u,11111111HAPll1"ISCK0-

ro aHOM) 3Ta <1>opMy11a JlsHrMblOpa 111M00T B111A 

h 3/2 la =0,015IEa , 

rAe I a - aHOAHbllil TOK, MA; h - A11111Ha pa6o"lelil noeepxHocrn KaTOAa (111 paeHaR ell! Bbl

corn U,11111111HAPa aHOM), CM; L - paCCTOS1Hll10 MS>KAY KaTOAOM 111 aHOAOM (11111111, 111H8"10 

roeopR, PaA111YC u,11111111HAPll1YecKoro aHOM), cM; Ea - pa3HOCTb noTeHu,111anoe MS>KAY Ka

TOAOM 111 aHOAOM, B. 

AHOAHaR xapaKTep111crnKa (111 Aa)l(e ceMelilCTBO TaKll1X xapaKT0Pll1CTli1K) XOTS1 111 AaeT 

AOCTaTO"IHO Harl1S1AH00 npeACTae11eH111e 0 xapaKTepe 3aBll1C111MOCTli1 aHOAHOro TOKa OT 

np111110)1(0HHoro HanpS1)1(eH111R, HO np111 STOM He OTB0"1aer Ha u,e11b11i1 PflA Apyrnx ea)l(HblX 

eonpocoe. Hanp111Mep, KaKoea npeAellbHO AonycrnMaR ee11111"1111Ha aHOAHOro TOKa, 11111111 

MO~HOCTlll, pacce111saeMoii1 aHOAOM, 11111111 KaKOBbl Hll1)1(Hll1ii1111 eepxH111lil np0A011bl HanpS1)1(0-

Hll1S1 Hll1Tll1 nOAOrpeeaT011S1, np111 KOTOPblX, c OAHOlll CTOPOHbl, o6ecne"lll1BaeTCS1 A0CTa

TO"IHaS1 3Mll1CCll1S1 KaTOAa, a c Apyrolll - He B03Hll1KaeT onaCHOCTl/1 neperopaHll1S1 STOii! 

Hll1Tll1. 

KpoMe TOro, A/1S1 A1110AOB c MaJlblM pacCTOS1Hll10M M0>KAY aHOAOM 111 KaTOAOM (a OHO 

y coepeMeHHblX BL! 111 CBI.! A1110AOB MO)l(eT 1113M0PRTbCR eA111H111u,aM111 111 Aa)l(0 A011RMll1 M11111-

11111MeTpoe) 0"10Hb cy~eCTBeHHa B011111"1111Ha npeA011bHO AOnycrnMoro HanpS1)1(0Hll1S1 06-

paTHOlll n011S1pHOCTli1 (n11IOCOM K KaTOAY 111 Mll1HYCOM K aHOAY). 11160 B 3TOM c11y"lae TOK 

Yepe3 A1110A He npoTeKaeT, ero BHYTP0HHee conporne11eH111e rnopernYeCKll1 6ecKoHe"IHO 

111 npoMe~OK aHOA-KaTOA M0)1(0T 6b1Tb npo6111T Bb1COKll1M HanpS1)1(0HH0M (TaK Ha3blea-

0Mbllil 111cKpoeolll npo6olll), e pe3y11bTaTe Kornporo 11aMna Heo6parnMo BblXOA111T 1113 

CTpOS1. 

Bee 3Tli1 napaMeTpbl COCTaBJ1S1IOT 06R3aT011bHbllil Ha6op nacnopTHblX MHHblX, xapaK

T0Pll13YIO~ll1X naMny co ecex TO"l0K 3p0Hll1S1 111 n038011S1IO~ll1X ocy~eCTBllSITb Bbl6op TOro 

11111111 111HOro rnna, OnTll1MallbHOro 111M0HHO A/1S1 AaHHOlll KOHKP0THOlll CX0Mbl. 

OCHOBHOe 111 0ABa 11111 H0 0A111HCTB0HH00 Ha3Ha"l0Hll10 A1110A06 - BblnpS1MJ10Hll10 nepe· 

M0HHOrO HanpS1)1(0Hll1S1 lll06oii1 <l>opMbl KaK H0MOAY11111pOBaHHOro, TaK 111 MOAYMIPOBal-I 

HOro. B COOTB0TCTBll1111 c 3Tli1Mll1 ABYMS1 pa311111Yll1S1Mll1 A1110Abl pa3A011S1IOT Ha BblnpS1Mll1· 
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T0JlbHbl0 Ill AeTeKTopHble. i.1 XOTfl nplllHl...\lllnlllaJlbHOH pa3Hllll...\bl Me>KAY 3Tll1Mlll ABYMR cl>YHK-

1...\lllRMlll HeT, K AlllOAaM 3Tll1X AByx rpynn npeAbRBJ1RIOT eyi.ueeTBeHHO pa3J1111"1Hble Tpe6o
B0.HlllR. 

BOT, no>Kanyti, 111 see, "ITO Hy>KHO 3HaTb o np111Hl...\111ne pa60Tb1 111 yeTpollleTee npoeTelil

welll ABVX3J1eKTpOAHOiii JlaMnbl - AlllOAa. MO>KHO JllllWb A06aBlllTb, "ITO B oeHOB9 pa60Tbl 

mo6b1x APYrll1X, 6011ee e110>1<Hb1x paA111onaMn ne>KaT Te >Ke eaMb1e oeHoeono11arat0i.u111e 

nplllHl...\lllnbl Ill 3aKOHOMepHoern. 

A Tenepb noene He60J1bWOro nepepblBa MO>KHO nepelllrn KO BTOPOMy ypoKy, KOTO

pblH B03Bpai.uaeT Hae K TeMe pe30HaHeHblX KOHTYPOB. 

YpoK 2. CBR3AHHbIE 

PE30HAHCHbIE CMCTEMbl 
B T~opern"leeKOlll "laern «A36YK111>> Mbl AOeTaTO"IHO nOAP06HO n03HaKOMlllJ1111Cb c OAlll

HO"IHblM pe30HaHeHblM KOHTYPOM, ero xapaKTep111eT111KaM111, OeHOBHblMlll napaMBTPBMlll, 

HB3Ha"lefillleM, a TalOKe e ero npeAeJlbHblMlll 803MO>KHOeTSIMlll KBK ycTpolilCTBB, '06ecne

"llllBBI01.Uero 11136111paTeJ1bHOeTb BXOAHOro yeTpolllersa npllleMHlllKB. 

3Ta nacneAHSIR xapaKTep111ernKa np111se11a Hae K HeYT01.L!lllTeJ1bHOMY BblBOAy: Jll060iii 

OAlllHO"IHbllil Pe30HaHeHb1ill KOHTYP Hiii TeopernL1eeK111, Hl1 TeM 6011ee npaKrn"leCKH 1-1e 

B coeTORHllllll o6ecne"llllTb AOCTaTO"IHO sct>ct>eKTlllBHYIO 11136111paTeJ1tiHOeTb no CQC0AHeMy 

KBHBJly np111 OAHOBpeMeHHOM coxpaHeHllllll Iii pa3yMHblX npeA01]BX HepaBHOMepHoern 

aMnn111ryAHO-"laCTOTHOlll xapaKTep111crn1<111 (ALfX) BHYTPlll pa60L1elil nonocbl nponycKaHHR. 

np111 3TOM Mbl YCTBHOBlllJllll, "ITO KOHTypbl e HeBbleOKlllM 3HB"leHllleM A06pOTHOeTlll 

(nopRAKB 10 ... 30) np111 OTHOClllTeJlbHO npHeMJ1eMolll aeJllll"llllHe HepaBHOMepHOCTll1 Al.IX 

B npeAeJ1aX pa6oYelll nonoebl 0611BAalOT H0AOnyCTll1MO nnoxolll 1r136111paTeJ1bHOeTblO HB 

rpaHlll"IHblX YBCTOTBX 3TOH 110J10Cbl, a KOHTYPbl c BbleOKOH A06pOTHOCTblO (6onee 100) -
Hanporne, np111 YAOs11eTeop111Te11bHOM oc11a611eH111111 rpaHlll"IHblX "laCTOT 111Me10T coeep

weHHO HeAOnycrnMylO HepasHoMepHoeTb AYX sHYTPlll pa6o"lelil nonoebl. 

3Aeeb HBM 11PlllAeTCR npepsaTb 6eceAy, Ill BOT no"leMy. Bee 3Tll1 enosa - «YAOBJ10T

sop111TeJ1bHaR», «H0YAOBJ10TBOplllTeJ1bHBR», «XOpOWBR», «HeAOnyeTlllMBR» Ill T. n. RBJ1R

IOTCR cy6beKTll1BHOH 01...\eHKOH TBKlllX napaMeTpOB, KOTOPble Ha eaMOM Aene AOJl>KHbl 

01...\eHlllBaTbeR (111 Ol...\eHlllBalOTCR) KOJllll"leeTBeHHO, onpeAeJ10HHblMlll l...\lllcppoeblMlll noKa3a

TeJ1RMlll. 

B PBAlllOTexH111Ke AJ1R Ol...\eHKlll TaKlllX noKa3aTeneiii, KaK CTeneHb ye111neH111s:i 111n111 oena6-

11eH111R e111rHana, HepasHoMepHoern AYX 111 ps:iAa Apyrnx, 111eno11b3YIOT oeo6yt0 eAlllHllll...\Y 

1113MepeH111R - p,e1.41t16enn (A6), e KOTopoi-1 Te6e e ABJlbHeiiiweM np111AeTeR eTaJ1KlllBBTbes:i 

nOCTORHHO. nosTOMY celil"laC caMoe epeMR no611111>1<e n03HBKOMlllTbeR e 3TOH eAlllHllll...\elll. 

CaMO ee HB3BBHllle eoeTOlllT 1113 AByx "IBeTeiii - oeHOBHOH eAlllHllll...\bl 6efln (no lllMeHlll 

111306peTaTens:i TenecpoHHoro annaparn A. r: 6e1111a) 111 np111cTasK111 Ael...\111, o603HaL1at0i.uelll 

p,eCflTYIO l/BCTb. nos:iBJ1eHllle p,e1.41t16enna B KBYeeTBe eaMOeTORTeJ1bHOVl eAlllHllll...\bl 06bRe

HReTCR TeM, "ITO e npaKT111L1eeKolll PBAlllOTexH111Ke 111 sneKTpoaKycrnKe no"ITlll 111eKJ110L1111-

Te11bHO np111MeHReTCR lllMeHHO Ael...\lll6e11J1, n03TOMy BMeeTO TOro, "IT06bl Ka>f<AblH pa3 ro

BOPlllTb Ill nlllCBTb 0, 1 6e1111a, AOroeop111n111eb B KaYeeTBe oeHOBHOH npaKTllf40CKOill eAlll

Hllll...\bl lllCnOJ1b30BBTb Ael...\1116eJ1J1, nplllCBOlllB 3TOH eAlllHllll...\e eaMOeTORTeJ1bHOe o603HB

YeH111e - A6. 

no eeoeMy cplll3111YeCKOMY CMbleny Ill MaTeMaTlll"leeKOMy eOAepX<aHllllO Ael...\1116eJ1J1 

npeAeTaBJ1ReT eo6oiii 6e3pB3MepHylO BeJ1111"1111Hy, xapaKTeplll3YIOLUYIO OTHOWeHllle ABYX 

KC'IKlllX-J111160 3J1eKTpl!IL!eeKlllX (11111111 aKyernYeeKlllX) BeJ1111YlllH. Yai.ue eeero TBKlllMlll eeJ11/1"1111-
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HaMl/I 6b1BatOT HanpsuKeHlllfl, TOKI/I lllJ1111 MOll.\HOCTlll. 0AHaKO OTHOWeH111e 3TO nplllHS'ITO Bbl

proi<a.Tb He B HaT)'paJlbHblX eAL'IHllll.¥1X, T. e. «B pa3ax», Hanp111Mep B 10 pa3 L'IJ1L'I B 50 pa3, 

a B norap111ct>M111'leCKlllX eAlllHlllU.ax. 3TO npL>IBOAL'IT K cyll.\eCTBeHHO pa3J1111'lHblM KOJllll'leCT

eeHHblM ou.eHKaM cpaBHlllBaeMblX napaMeTpOB, noCKOJlbt<y, CKa>KeM, yeeJ1lll'leH111e CMr

Hana e 2 paaa cooTeeTcTeyeT ero yeen111YeHL>1t0 Ha +6 A5, yee11111YeH111e e 10 paa -

Ha +20 A5, e 100 paa - Ha +40 A6, a ocna6neH"1e e 1000 paa - Ha MlllHYC (!) 60 A6 

(n111weTcs:i: -60 A6). 
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P111c. 3. rpacj>lllK nepesOAa OTHOWeH111£l ABYX 3neKTp111'1eCKlllX senlll'·llllH 
s Ae~i-16e1111b1 
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80061.J..\e roeops:i, AJlfl nepeBOAa «pa30B» B Aeu.1116eJ1J1bl Ill o6paTHO' MO)KHO nOJ1b30-

eaTbCfl onpeAeJleHHOlii ct>opMyllolii lllJlL'I cnpaBO'lHblMlll Ta6Jlllll.¥1Mlll, 3aHlllMalOll.\L'IML'I, KaK 

npaBL'IJlO, 5-6 CTpaHlllU. TeKCTa. 0AHaKO Ha 3TOlii CTaAllllll o6yYeHlllfl Ill c yYeTOM npeA

CTOflll.\lllX peanbHblX noTpe6Hocrnlii npeAJlaraeTcs:i 6011ee npocrnlii, 11er1<1111ii 111 6b1CTpb11ii 

cnoco6, noKaaaHHb11ii Ha rpac!>L'IKe (p111c. 3), rAe no ropL130HTallbHOlii OCL'I OTJlO)KeHbl 

B 11orap111c!>ML'l'leCKOM Macwrn6e OTHOWeHL'!fl AByx aeJllll'lL'IH «B paaax», a no eepTlllKaJlb

HOlii - Te >Ke OTHOWeHlllfl B AeU.L>16e1111ax. ,[J,ae HaKJlOHHble nps:iMble Ha 3TOM rpact>111Ke OT

pa>KatOT COOTBeTCTBeHHO OTHoweHl/lfl Hanps:i>KeHllllii Ill TOKOB (nps:iMafl 1) L'!Jllll MOIJ..\HOCTelii 

(nps:iMas:i 2). 
nollb30BaTbCfl rpac!>lllKOM 31leM8HTapHO npOCTO, OAHaKO Ha BCS'IKL'llii CJlyYa!ii ynpOC> 

TIAM 3HaKOMCTBO c :nolii MeTOAlllKOlii paCCMOTpeHL'!eM AByx np111Mepoe. 
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np111Mep 1 
Hanps:i:>KeHllle ClllrHana Ha BXOAe yc111n111Tens:i COCTaens:ieT 10 MB, a Ha ero BblXOAe - 3 B. 

Onp9Aen111Tb yc111neH111e e AEi. 

OTHOWeHllle BblXOAHOro HanpAlKeHlllA (Uz :r:: 3 B) K BXOAHOMY (U1 = 0,01 B) COCTaBJlAeT 

U2 3 
-=-=300 paa. 
U1 0,01 

Ha roplll30HTanbHOA 00111 rpacf>111Ka HBXOAlllM 3H8"1eH111e 300 Ill 1113 STOA TO"IKlll BOCCTaHaen111ea

eM nepneHAlllKynAp AO nepece"!eHlllA c npAMOilt 1, noCKOnbKy B ABHHOM CJIY"!Se pe"lb 111AeT 0 
cpaeHeH111111 een111"!111H HanpR)l(BH111iif. • 

3Toilt TO"IKe Ha eeprnKanbHOM 00111 COOTBeTCTByeT 3H8"1eH111e 50 AEi. BepHee, nOCKOJlbKy 

pe"lb lllA9T 06 YCWIBH/11111, 6onee TO"IHOA 6yAeT 3an111Cb He 50 AEi, a +50 AEi. 

np111Mep2 

B 3TOM >Ke caMOM yc111n111Tene MO~OCTb CllfrH8118, pacXOAYeMaA BO BXOAHOM uen111, COCTaB

ns:ieT 10 MBT, a none3HaA MOl14HOCTb c111rHana Ha BblXOAe yc111n111Tens:i paeHa 3 BT. Onp9Aen111Tb 

yc111neH111e no MOIJ.(HOCT/11. 

nocKOnbKy Ill B 3TOM CnY"!ae OTHOWeH111e P2 K P1 COCTaens:ieT 300 pa3, Mbl 1113 TOilt >Ke TO"IKlll Ha 

rop1113oHTanbHoilt 00111 eoCCTaHaen111eaeM nepeneHA111Kyns:ip, HO Y:>Ke AO nepece"leH111A He c nps:i

MOA 1, a c npAMOA 2, nOCKOJlbKy p9"1b l'IAeT 0 MOU4HOCTl'I. STOA HOBOA TO"IKe nepeCe"leHlllA Ha 

eepTlllK81lbHOA WK8Jle COOTBeTCTByeT 3Ha"leH111e +25 AEi (no MOU4HOCTl'I!). 

TaK "!TO ecn111 B l'IHCTPYKUllll'I K np111eMHlllKy, HanlllCBHO "!TO OH 06ecne"1111BaeT 1'136111paT8Jlb

HOCTb no coCeAHeMy KaHany Ha Al'lanaaoHax AB 111 CB He XY:>Ke 60 AEi, 3To 3HS"ll'IT, "!TO c111rHan 

noMeXlll OT COC9AHeA CTBHUl'llll 6yAeT ocna6neH no aMnnl'ITYAe (!) OTHOCl'IT0JlbHO c111rnana np111-

HlllMaeMoilt cTaHu111111 (cM. rpacf>111K!). CoeepweHHO eepHo: e 1000 pa3. 

BOT Tenepb, KOrAa Mbl BOOPY>Kll1nl11Cb HOBblM "1HCTPYM8HTOM AJlSI OU,0HK"1 111a6111pa

T0J1bHblX CB0171CTB peaoHaHCHblX C"1CT0M, MO>KHO np111secrn CJ18AYIOL11"1e 06S13aTel1bHble 
u,1-1cppb1, YCTaHOBJleHHble rQCTOM AJlSI "136"1paTel1bHOCT"1 no COCeAHeMy KaHany np1-1Me

H"1TeJ1bHO K P8A"10Bel118Tel1bHblM np1-1eMH111KaM paaHblX Knaccos (rn611. 2). 

Ha nepsb1l7l samRA MO>KeT noKa3aTb-

CS1 CTpaHHblM Bb16op TaK"1X HeKpymblX Ta 6 J1 111 u. a 2 
3HaYeH"1171. 0AHaKO TOJ1bKO Ha nepsblii; 
B3r11S1A, noTOMy YTO u,111cppb1 "136"1paTeJ1b- 11136111PATEJ1bHOCTb nPlllEMHlilKOB 

HOCTl-1 KaK pa3 OYeHb «Kpymble», eCJ1"1 Ae

u,1-16el1J1bl nepesecrn s «pa3bl•. Mo>KHO 

y6eA1<1TbCS1, socnonbaosasw1<1cb rpacp111-
KOM, YTO 60 A6 - 3TO 1000, 46 A6 - 200, 
34A6-50, a26A6-20 paa. 

Ho masHoe AJ1S1 Hae ce171Yac He s 
3TOM. fnaBHOe COCTOlilT B TOM, YTO HffKB
KOff OA"1HOYHbl171 KOne6aTeJ1bHblii; KOHTYP 

c nl060H A06pOTHOCTblO B np"1HU,"1ne He 

MO>KeT o6ecneY"1Tb nOA06HylO ce11eKT1<1B-

PA3Jllil~HblX KJlACCOB 

Kn ace "1a6111parenbHOCTb 

np111eMHlllK8 no COC8AH6MY KBHany, AD 

Bb1CWl'lilt 60 

46 

II 34 

Ill 26 

HOCTb np111 ycTaHOBJ1eHH0171 TeM >Ke rOCTOM o6si3aTeJ1bHO!i; nonoce nponyci<;aH"1S1 B 9 Kfu,. 

npocTo He MO>KeT. A noTOMy AJ1SI 06ecneYeH1<1S1 Tpe6yeMblX HOPM np1-1xoA1<1TCS1 111cKaTb 

APYrltle peweH1<1S1. 0AHO "13 TaK"1X npOCTblX peweHl-1171 COCT0"1T B 1-1cnom'!.30Ba,H"11'1 BM0CTO 
OA"1HOYHblX Kone6aTenbHblX KOHTYPOB nonoCOBb/X qmnbTpoa. · 

nonocosoilt cf>"1J1bTp npeACTaBJ1S10T co6olft 06blYHb1ii; BblCOKOYaCTOTHblilt TpaHccpop

MaTop, o6e 06MOTK"1 KOTOporo ("1 neps1<1YHaS1, "1 BTOp"1YHaS1) MOryT HaCTpa1-1saTbCS1 He. 

:las1-1c1<1Mo APYr OT APYra Ha pa3Hble peaoHaHCHble YaCTOTbl. 
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P111c. 4. <l>opM111poea~111e peay11brnpyio111eA Kp111eoA Al.lX no11ocoeoro ¢>11111bTpa 
np111 pa3HblX 'iaCTOTaX HaCTPOMKlll BXOAl'llJ.llllX B Hero KOHrypoe 

Cnoeo «He3ae111c111Mo» e STOM onpeAeneH111111 Henb3SI noH111MaTb cm1wKOM 6yKeanbHO, 
nocKonbKY B3alllMHOe en111siH111e HacTpoeK 06e111x o6MOTOK APYr Ha Apyra Ha npaKrnKe 
Helll36e:>KHO, nplll'leM CTeneHb TaKOro B38111MHOro BnlllSIHlllSI HanpsiMylO 3aBlllClllT OT crene
H/lt CBfl3/lt o6MOTOK. LleM MeHbWe B3al/IMHaSI CBSl3b KaTYW0K (6onbwe pacCTOSIHllle Me:>KAy 
HlllMlll), TeM MeHbWe CTeneHb B3alllMHOro Bnl/ISIHlllSI HaCTpoeK Ill Hao6opoT. Ho cel71'faC, 
np111 paccM0TpeH111111 npvtHl.{vtna pa6oTbl nonocoeoro cp111nbTpa, Mbl AnSI npocTOTbl He 6y
AeM yY111Tb1eaTb sTo e3alllMHOe en111siH111e HacTpoeK KaTYWeK APyr Ha Apyra. 

np111Hl..\111n111anbHasi cxeMa cTaHAaPTHoro nonocoeoro cp111nbTpa np111eeAeHa Ha p111c. 4 
(e l..\eHTpe). TaM :>Ke noKa3aHo cpopM111poeaH111e a6w,e171 (cyMMapHo171) YaCTOTH0171 xapaKTe
p111cT111K111 cp111nbTpa B l..\9nOM np111 pa3HOiii CTeneHl/I OTHOClllTenbH0171 paccTp0171Klll 06e111x 06-
MOTOK AnSI KOHTYPOB c ABYMSI pa3nlllYHblMlll 3HaYeHlllSIMlll A06POTHOCTlll - HeBblCOK0171 
(eepxH111171 PRA ceMe171cTea Kp111eb1x) 111 OTHoc111TenbHO eb1c0Kol7I (Hlll:>KHV1171 PRA). 

Ha caMblX nepeb1x (neeblx) rpacp111Kax 060111x psiAOe o6e o6MOTKlll nonocosoro cp111nbT
pa HacTpa111eat0TCS1 Ha OAHY 111 TY :>Ke pe3oHaHcHytO YaCTOTY (pa3HOCTb paccTpoeK paeHa 
HynlO). np111 STOM cyMMapHaSI pe3ynbrnpyt0w,asi KPlllBaSI npaKTlllYeCKlll nOJ1HOCTblO nOBTO
psieT cpopMy pe30HaHCH0171 KPlllBOiii Ka:>KAoro 1113 AByx KOHTypoe, ysenlllYlllBaSICb np111 STOM 
BABOe no BblCOTe. B STOM CMblCne npaeoMepHO roeoplllTb 0 TOM, Y,TO nonocoeoiii 
cp111nbTp, o6e 06MOTKlll KOTOporo HaCTpOeHbl Ha OAHY Ill TY :>Ke YaCTOTY; KBK 6bl o6naAaeT 
BABOe 6onbweiii A06pOTHOCTblO, YeM Ka:>KAb11711113 KOHTYPOB B OTA9nbHOCTlll. 

nocneAyt0w,111e (enpaeo OT nepeoro rpacp111Ka) p111cyHK111 noKa3b1eat0T, KaK MeHsieTcsi 
een111Y111Ha 111 cpopMa pe3ynbrnpyt0w,eiii Kp111eol7I np111 nocTeneHHOM yeen111YeH111111 paccrnsi
HlllSI no WKane YaCTOT Me:>KAy 'iaCTOTaMlll HaCTp0171Klll BXOAH0171 Ill BblXOAH0171 o6MOTOK no
nocoeoro cp111nbTpa. 

HeTPYAHO BlllAeTb, YTO no Mepe yeen111YeHl/ISI pa3HOCTlll f2 - f, cyMMapHaSI Kp111easi AO· 
BOilbHO 6blCTpO y6blBaeT no aMnlllllTYAe, OAHOBpeMeHHO ccpaCWlllpSIS!Cb» Ha ypOBHe eep
W"1H 06elllX KplllBblX. np111 HeKOTOpOM 3HaYeHllllll pa3HOCTlll HaCTpOeK f2 - f1 (TpeTblll no CYe
TY Kp111eb1e) npoMe:>KYTOK Me:>KAy ABYMSI rop6aM111 cTaHoe111Tcsi npaKT111YecK111 nnocK111M, YTO 
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np1<16m1'KaeT Q>opMy peay11brnpyio~eill Kp1<1eoill no11ocosoro cj>1<111bTpa K 1<1Aea11bHOill 
T00p0rn40CKOill n-o6pa3HOill cj>OpM0. 

no Mepe YB0111'140Hl'1S1 pa3HOCTl!l 'iaCTOT HaCTpoeK nnocKaSl eepw1<1Ha CyMMaPHOill 
Kp1<1eoill np1<106peTaeT nposa11 (YeTeepTb1e c11eea Kp1<1eb1e), a np111 AOCTaTO'iHO 6011bij.10ill 
paaHocrn 1.1acTOT cyMMapHaSl Kp1<1eaS1 npaKTH'ili.ICK1<1 nepecraeT cy~ecTeoeaTb, aaMeHS1-
S1Cb ABYMSl OTA011bHblMl'1 Heaae1<1Cl'1Mb1M1<1 Kp111eb1M1<1 OAl'11iO'iHb1x peaoHaHCHblX KOHTYPOB 
(nS1Tblill p1<1cyHoK e Hl'1>KH0M PS1Ay). 

CpaeH0Hflle ABYX PSlAOB KPl'1BblX noKa3blBaeT, 'iTO, 1<1cno11b3YS1 e no11ocoeoM cj>1<111bTpe 
ABa K0HTYP8 c AOCTaTO"IHO BblCOKOill A06pOTHOCTblO (11Pll1 onrnMaJlbHOM 3Ha40Hl'11'1 paa

HOCrn HaCTP001< f2 - f1). MO:>KHO nOJl~HTb CYMMapHylO peaoHaHCHYIO Kp1<1ey10, o6ecne41'1-
BalO~YIO YAOB110TBOPl'1T011bHYIO 1'1361'1paT011bHOCTb OTHOCl'1Te11bHO COC0AH1'1X KaHailOB 
np1<1 HepaeHoMepHocrn Al.IX e npeAe11ax pa601.1eill no11ocb1 nopS1AKa 2 ... 3 A6. 

nocKOilbKY H0Q03MO:>KHO yra_qaTb 3apaHee, KaKaSl 1'1M0HHO B0111'141'1Ha A06pOTHOCrn 
KOHTYPOB Ol<i:l>K0TCS1 onrnMailbHOill, Ha npaKTl'1K0 ecerAa 6epYT KaTYWKl'1 c 3aB0AOMO 1'13-
6blT04HOill A06poTHOCTblO, a s npou,ecce HacTpoillK1<1 KOHTYPOB cH1<1>Ka10T A06poTHOCTb 
AO H00QXOAl!lMOill llPOCTQIM wyHrnpoeaHl'10M KaTyWKl'1 (nOAK11I040Hl'10M napa1111e11bHO 
KaTYWKe a6bl4Horo pe31<1cTopa,). · · 

Ill B 3aK1110"leH1<1e TeMbl 0 nOJlQCQBl;ilX <l>11111bTpax yKa>KeM, 'iTO nOM1'1MO npSlMOro (no11-
Horo) !;!K11I040Hl/IS1 KaTYW0K cjl1'1JlbTPa Q peanbHb!X CXeMaX O'i~Hb "laCTO 1'1Cn011b3YIOT Ha
no11Hoe, 1.1acrn"IHOe nOAl<Jll040Hl'18 KarylJJ0K Ka!< co CTOPOHbl BXOAa, TaK "' co CTOPOH"?I 
BblXOAa, 1'1Cn011b3YS1 AJ1S1 SToro OTBOA OT H0KOTOpoill 'iaCrn 61'1TKQB KaTYWKl'1. l.!acrn'iHOe 

BK11101.1eH1<1e 11oaeo11S1eT cy~ecTeeHHO YM0HbWl'1Tb «nqpaJ/llTl-fOf!» !'!1ll'1S1H1<1e caMoill cxeMbl 
yc1<1111<1Te11S1 (np1<1eMH1<1Ka) Ha co6cn:)aHHb1e napaMeTpb1 no11ocoapro $fll11bTpa. Ha1<16011ee 
1.1acTO 1.1acrn1.1Hoe nop,K11t01.1eH1<1e KaTYweK npHM0HS10TCfl e no11ynposoAHHKOeoill annapa
Type - s np1<1eMH1<1Kax Ha TpaHa1<1crnpax 1.1 MlllKpocxeMax, rAe a11111S1Hllle cxeMbl Ha napa
MeTpb1 cj>l'111bTpa oco6eHHO O~YTl-1MO. 

KoHTpo11bHb1e BonpocbI 
1. KaK1t1e o6R3arem,,Hble np1113HiK/4 xaPliKT,Pl4~Y/QT aKTfllBHOIH 

pa.o.111oaneMeHr? 

2. KaK cne/J,yeT noH1t1Mar& repMHH yc1t1neH1t1e np1t1MeH111ren&Ho K naMno· 

Bb/M llffl/11 Tp8H3/llCTOPHblM yc1t1n1t1renflM? 

3. ,ll,nR 'lero BHyrp1t1 pap,1t1onaMn&1 Heo6xoP.1t1MO CD3P.aH1t1e aaKyyMHOH 

cpe/J,bl? 

4. c K8KOH '-'enb/O H/llTb npflMOHaKantiHOro KaTOt,Ja nOKPb/88/0T cne

'-'1t18flbHb/M «8KT/llBHblM» cnoeM? 

5. no'IBMY BBKYYMHb/H /J,/110/J, flBnflBTCfl DJlHOCTOPOHHe npOBOAfltl.4/llM? 

6. '-lro H83b/B8/0T «BepxH~M 3arlt160M» xapaKTep/llCT/llKl(I ,lf/110/J,8 /II K8K 

H8/1.0 nOH/llM8Tb repM/llH «TOK H8Cb/1l.4BH/llfl»? 

7. '-lro 38 B/J,/llH/11'-'a /113MBPBH/lffl «/J.B'-'fl16enn», KBKOBa ero.P83Mt?PHOCTb /II 

KBK OH COOTHOC/llTCfl c e/J,/llH/11'-'8M/11 /113MepeH/llfl Hanpfl)l(BH/llM, TOKOB /II 

M01l.4HOCTeili? 

8. '-lro npelJ.CTaanRer 1t13 ce6R nonocosoii ct:mn&rp? · Hap1t1cynre 

np111H'-'1t1n111an&Hy10 cxeMy nonocosoro qmn&rpa c '18CT/11'1Hb1M f1QAKJ110-

'leH111eM co CTOPOHb/ BXO/J,B /II a&1xo,aa. 

9. KaK1t1M cnoco6oM MO)l(HO noP.61t1par& (peryn1t1posar&) .ao6porHOGTb 

KaryweK nonocosoro </J1t1n&rpa a pean&Hoili cxeMe? 
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Pa6oLiee 
MeCTO 

Ha OAHOM 1113 nocneAHlllX 3aHS1Tllliil np8AblAYl.48rO r<ypca (s KHlilre «A36yKa PaAlllOmo-

6111Tem1») Mbl 1113r0Tos111n111 oYeHb none3Hoe 111 Hy>KHoe np111cnoco6neH111e - Mara3111H co

npornsneH111iil. 

CeroAHS1 Te6e npeMaraeTCR MR caMOCTORTenbHoro 1113rornsneH111S1 noxo)f(ee np111-

cnoco611eH111e - Mara3111H nOCTOS1HHblX 8MKOCTeiil c Alllana30HOM senlilYlllH OT 100 nell 

AO 100 MKell c AlllCKJl8THblM waroM s 100 nell. VIHblMlll cnosaMlll, Mara3111H o6ecneYlllT 

Te6e nonyY8Hl18 fll06blX 3H8'1eHHH 8MKOCTlll s yKa3aHHOM Alllana30H8 c TO'iHOCTblO AO 

100 nell, HOMl1Hanbl KOTOpblX HS np8AyCMOTp8Hbl fOCTOM 11 npOMb1Wn8HHOCTblO HS Sbl

nyCKalOTCS1. Hanp11Mep, 11700 nell, 372400 nell, 162,85 MKell. 

06blYHO s KOHASHCaTOpax c TaKl1Mlll 3HaYeHlllS1Mlll eMKOCTlll noTpe6HOCTlll He S03Hlll

KaeT, 11 MS1 npaKTl1Y8CKOro nplilM8H8HlllS1, KaK npas111no, OKa3blBaeTCS1 AOCTaTOYHO KOH

ASHCaTOpos CO CTaHAapTHblM 3HaY8Hlll8M 8MKOCTll1, npeAyCMOTpBHHblX fQCTOM, Hanp11-

Mep 220 nell, 470 nell, 3000 nell, 6,3 MKell, 68 MKell 111 T. A· 

0AHaKO KOrAa Mbl C03peeM AO caMOCTOS1T8nbHOro 1113roTOSlleHlllS1 Iii rnasHoe - pery

n11pOSKl1 TaKlllX np1116opos, KaK MHOroKaHanbHble H1113KOYaCTOTHbl8 3KBanaiil3epbl, pa3-

nlllYHbl8 Hlll3KOYaCTOTHble Iii SblCOKOYaCTOTHble <1>111nbTPbl, reHepaTOpbl 3ByKOSblX YaCTOT, 

sneKTpOMy3blKanbHbl8 lllHCTpyMeHTbl Iii T. n., Mara3111H eMKOCTeiil MO)f(eT OKa3aTbCS1 co

sepweHHO H83aM8Hl1MblM lllHCTpyMeHTOM, 3KOHOMS11.411M yiilMy speMeHlll Ha nOA6ope Iii 

nOAroHKe 8MKOCTeiil MHOrOYlllCneHHblX KOHAeHCaTOpos. 

Mara311H 8MKOCTeiil M0)1(8T OKa3aTbCS1 none3HblM Iii s Tex cnyYaS1X, KOrAa HaAO onpe

ASnlllTb 8MKOCTb KOHASHCaTOpa, Ha Kopnyce KOToporo OTCYTCTsyeT MapK111posKa. ,lJ,nR 

sToro 11cnonb3y10T npocTeiilwyro cxeMy cpasHeH11S1, BKnlOYaR nocne.o.osarenbHO 111cnb1-

TyeMb1iil KOHASHCaTOp Iii Mara3111H 8MKOCTeiil B l.l8nb nro6oro l.1CTOYHlllKa nepeMeHHOro 

HanpS1)1(8HlllS1 Ill, 1113M8HS1S1 HOMl1Hanbl 8MKOCTeiil Mara3111Ha, A06111sa10TCS1 0,0.HH81(0BOro 

na,o.eHHfl Hanpfl)l(eHHfl Ha 060111x KOHASHCaTOpax. 3TO B03MO)f(H0 TOnbKO s cnyYae pa

seHCTSa eMKOCTeiil 06011x KOHASHCaTOpos. 

Mara311H COCTOlllT 113 H8CKOnbKlllX cosepweHHO OAlllHaKOSblX ,o.eK8,D,Hb/X nnHeeK, cyM

MapHaS1 8MKOCTb s Ka)f(AOiil 113 KOTOpblX CKnaAblSaeTCS1 1113 8MKOCTlll A8CS1Tlll 0,0.HHBKOBblX 

KOH,O.eHCaTOpOB c waroM, pasHblM 8MKOCTlll OAHOro KOHA8HCaTOpa. 

Hanp11Mep, J1111Heii1Ka, COCTOS1~S1 113 A8CS1Tlll KOHAeHCaTOpos no 100 nell, no3sonS1eT 

Ha6paTb c noMOl.4blO Knas111wHoro nepeKnroYaTenR nro6yro eMKOCTb s npeAenax OT 

100 AO 1000 nell c waroM s 100 nell, a nlllHSiiiKa c A8CS1Tbl0 KOHASHCai:opaMlll no 1 Hell -

nro6yro eMKOCTb s npeAenax OT 1 AO 10 Hell. A nOCKOnbKY see A8KaAbl Mara311Ha SKnlO

Y8Hbl napannenbHO, OKa3blSa8TCS1 S03MO:>KHblM Ha6np8Tb nro6oe 3HaY8Hlll8 8MKOCTlll 

c A11CKP8THOCTblO, onpeAenS18MOll1 8MKOCTblO OAHOrO KOHAeHcaTOpa Hlll3weiil ASKaAbl. 

nocKOnbr<y see AeKaAbl a6conlOTHO 11A8HTlllYHbl Ill no cxeMe, Iii no KOHCTPYKL.lllll1, Yl1-

TaT8JllO caMOMy npeACTOl1T pew11Tb, KaKl1M KOn11YeCTSOM A8KaA cneAyeT orpaHlllYlllTbCS1. 

Vl3 co6CTS8HHOro OnblTa Mory CKa3aTb, YTO onTlllManbHblM cneAyeT CYl1TaTb Mara3111H 113 

nRTlll A8KaA 
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B 3TOM cn~ae «UeHa» KIDKAOl7r A0KaAbl 6yAeT cnSAylO~si: 
1 A0KaAa: OT 100 AO 1000 n<P 

2 A0KaAa: OT 1000 AO 10000 n<P ("1nll! OT 1 AO 10 HCI>) 

3 AeKaAa: OT 10 AO 100 HCI> 

4 A0KaAa: OT 100 AO 1000 HCI> ("1n"1 OT 0, 1 AO 1,0 MKCI>) 

5 A0KaAa: OT 1 AO 10 MKCI> 

Boo6w.e roeopsi, H"1"1YTb He nOBP0A"1T Han"1"1"10 W0CTOl7r A0KaAbl c A"1ana30HOM OT 

10 AO 100 MKCI>, OAHaKO Ha npaKT"1Ke nOA6"1pilTb eenWl"1Hbl 3neKTpOn"1Tl.1"10CKlllX KOH

A0HCaTopoe c onp0A0n0HHOl7r TO"IHOCTblO np"1XOAlllTCSI n"1Wb B lllCKnl0"1"1T0nbHblX, KpallrHe 

P0AKlllX cny"!asix, n03TOMY 6e3 W0CTOl7r A0KaAbl enonHe MO>KHO o6ol7rTlllCb. 

np111Hu111n111anbHaS1 3J10KTP"1"10CKaSI cxeMa OAHOl7r A0KaAbl np"1B0A0Ha Ha p111c. 5. OCHO

BY A0KaAbl COCTaBJ1Sl0T A0CSITlllKHOnO"IHbll7r nepeKnlO"laTeJ1b rnna n2K c 3aB"1C"1MblMlll 

rpynnaMlll. 3To 3Ha"l"1T, "!TO np111 Ha>KaT"1"1 J11060'1 KHOnK"1 ece OCTaJ1bHbl0 KHOnKlll aeTO

MaT"1"10CK"1 B03epa~IOTCSI B "1CXOAHOe, H0Ha>KaToe nOJ10>K0H"10. 

P111c. 5. np111Hu,111n111anbHaS1 cxeMa OAHOiii AeKaAbl Maraa111Ha eMKOCTe~ 

noM"1MO nepeKnlO"laT0J1SI B cxeMy J1"1H0'1Klll BXOASIT 10 OAlllHaKOBblX KOHA0HCaTOpOB 

c 0MKOCTblO, COOTB0TCTBYIOW.0'1 wary AaHHOllr A0KaAbl, T. e. AJ1SI nepeol7r A0KaAbl eM

KOCTb Ka>KAOro KOHA0HCaTOpa paeHa 100 n<P, AJ1SI BTOpol7r - 1000 n<P ("1J1"1 1 HCI>), AJ1SI 

TP0Tbel7r - 10 HCI>, AJ1SI "10TB0PTOl7r - 100 HCI> ("1J1"10,1 MK<P) "'AJ1SI nsiTOl7r - 1 MKCI>. 

lll nepeKnlO"laT0J1b, Ill KOHA0HCaTOpbl pa3M0UJ,0Hbl Ha ne"laTHOl7r nnaTe 0A"1HOro pa3-

Mepa "' pMCYHKa AJ1SI ecex nsiT111 A0KaA. '-lepTe>K ne"laTHOl7r nnaTbl c yKaaaHVleM ee paaMe

poe np111eeAeH Ha p111c. 6. 

fr~~~~~~~~~ r 0 0 0 0 0 0 0 0 0 

"' c,, 'O 

\J 
' 

I I I I I I I I I 
210 ... 

P111c. 6. ne'laTHaSI n11aTa OAHOiii ABKSAbl Mara3111Ha eMKOCTeiii 

ECJ1111 BHlllMaT0J1bHO np"1CMOTP0TbCSI K HeMy, TO MO>KHO 3aM0T"1Tb, LflO caMaSI Hlll>KHSISI 

Ha p111cyHKe o6w.asi AJ1SI ecex KOHA0HCaTOpoe AOPO>KKa lllM00T no ABCi OTCTOSIUJ,"1X APYr 

OT Apyra OTBepCT"1SI. 3TO CA0J1aHO nOTOMy, "!TO B pa3HblX A0KaAaX AJ1"1Ha KOHA0HCaTO

poe pa3J1"1"1Ha: AJ1SI OAHlllX T"1nOB OHa COCTaBJ1Sl0T 10 ... 15 MM, AJ1SI APY'r"1X - 25 ... 30 MM. 
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A noeKOllbKY Mbl pew1.111111 nnaTbl AJlR seex ASKa,D, AellaTb OAJ.1HaKOBblMll1, s p111eyHKe n11a

Tbl npeAyeMOTP0Hbl ASa OTeTOR~ll1X APYr OT Apyra «3eMJlRHblX» nRTaYKa e OTBepeTll1RMll1 

nOA SblSOA KOHAeHearnpa. 

Tenepb OTHOe111Te11bHO Sb16opa T111nos J.1 nOA6opa 3K3eMn11Rpos KOHAeHeaTopos. 

noeKOllbKY Haw Mara3111H RSJlReTeR XOTb 111 eaMOA011bHblM, HO see )Ke 1113Mep111Te11bHblM 

np1116opoM, Hy>KHO, YT06bl OH OTSeYall onpeAe11eHHblM Tpe6osaHll1RM 111, KaK npll1HRTO ro

sop111Tb y MeTpo11oros, OTHOe11111eR K KaKOMy-1111160 KJlaeey TOYHOeTl/1. 3TO Ha,D,O .f10Hll1MaTb 

TaK, YTO ee11111 Ha WKa11e Mara3111Ha Ha6paHO 11106oe Y111e11osoe 3HaYeH111e eMKOeTll1, 

TO <1>aKTll1YeeKaR eMKOeTb Ha SblXOAHblX K119MMaX Mara3111Ha He A011)1(Ha OTJ1111YaTbeR 

OT 3TOrO Y111e11osoro Ha6opa 6011ee YeM Ha 2, 5, 10 11111111 20%. BOT 3TO y111e110 npOL.,\eHTOS 

111 onpeAe11ReT Knaee TOYHOeTll1 Mara3111Ha s L..\e110M. 

s:leHO, YTO K11aee TOYHOeTll1 «2» 11yYwe, YeM «20», OAHaKO s paAll1011I06111Te11beKo£1 

npaKTll1Ke SbleOKaR TOYHOeTb Mara3111Ha eMKOeTei-1 He Tpe6yeTeR, a np11106peern 11111111 no

A06paTb Aees:!Tb OAll1HaKOSblX KOHAeHeaTOpos e pa36poeoM eMKOeTei-1 s 2% 11111111 Aa>Ke 

5% - Ae110 AOSOllbHO XJlOnOTHOe, a rnasHoe - Hll1KOMY He Hy>KHOe. 

noYeMy He Hy)l(HOe? npeAeTaSll1M, YTO see AO eAlllHOrO KOHAeHeaTOpa y Hae lllMelOT 

AOnyeK He Xy>Ke ±5%, J.1 Ha seex nRTll1 AeKaAaX yeTaHOS11eHa L..\1'1<l>pa 5. 3TO AOJl>KHO eooT

seTeTsosaTb eMKoern 5555500 n<D. 

B KaKJ.1X npeAe11ax np111 3TOM J.1MeeT npaso OKa3aTbeR peanbHas:i eMKOeTb Ha SblXO,D,e 

Mara3J.1Ha? noeYll1TaeM. HaYHeM e TOrO, YTO AOnyeK S ±5% M0)1(8T 6b1Tb KaK n0110)1(J.1Te11b

HblM, TaK J.1 OTPll11...\aTe11bHblM, T. e. <l>aKTll1YeeKas:I eMKOeTb Ka)l(AOro KOHAeHeaTOpa MO>KeT 

6b1Tb Ha 5% KaK 6011bWe, TaK J.1 MeHbWe o603HaYeHH0£1 Ha ero KOpnyee. 803bMeM ,o,sa 

Kpa£1Hll1X e11yYas:l 111 noeMOTPll1M, YTO 3TO 6yAeT 03HaYaTb Ha npaKTJ.1Ke. noeKOllbKYAOnyeK 

y seex 6e3 J.1eK11IOYeHJ.1R KOH,D,eHearnpos eoeTas11s:1eT ±5%, TO Ill 06~11171 AOnyeK seei-1 

rpynnbl 6yAeT TaKll1M >Ke, a 3HaYJ.1T 111 OTKJlOH0Hll1e eyMMapHOi-1 eMKOeTll1 Mara3111Ha eoeTa

SJ.1T ±5% OT S911111Yll1Hbl 5555500 n<D. A 3TO eoeTaS11ReT ±277775 n<D. 

lllHblMJ.1 e110SaM111 <1>aKTll1YeeKaR eMKOeTb Ha SblXOAHblX KJleMMax Mara3J.1Ha sno11He 

MO)l(eT OKa3aTbes:I rAe-TO Me>t<Ay 5277725 Ill 5833275 n<D, YTO Ha eaMOM Ae11e J.1 eooT

seTeTsyeT paa6poey s 555550 n<D J.111111, YTO TO :>Ke eaMOe, ,o,onyeKY s ±5% OT Ha6paHHOro 

Ha AeKaAaX 3HaYeHJ.1R. Pa3Hll11...\a s L..\e11blX no11M111Kpo<1>apa,o,b1! noaTOMY Ha eaMOM Ae11e 

He 11MeeT H111KaKoro 3HaYeHJ.1R, KaK111e L..\1'1<l>Pbl Ha6paHb1 Ha nepsoi-1, srnpoi-1 111 TpeTbei-1 

AeKaAaX - 111X o6~aR eyMMa see pasHO 6yAeT MeHbWe «eaMonpOJ.13S011bHOrO» OTKJlO

HeHJ.1S'I <1>aKrnYeeK0£1 eMKoern OT Ha6paHHOro 3HaYeH11s:1. lll y:>K TeM 6011ee aTa <1>aKT111Ye

eKas:1 eMKOeTb Hll1KaK He 6y,o,eT 3as111eeTb OT TOro, KaKoi-1 se11J.1Yll1Hbl AOnyeK OKa:>KeTes:I 

y KOHAeHearnpos nepsblX Tpex rpynn. 

lll3 3TOro np11Mepa e11eAyeT 1113S11eYb ypoK, KOTOpbli-1 Ha,D,O He TOllbKO 3anOMHll1Tb, HO 

111 xopoweHbKO ys:ieHJ.1Tb, noeK011bKY s Aa11bHe£1weM, Kor,o,a np11AeTeR OL..\eH11saTb pe

ay11bTaTb1 J.13MepeHll1£1 pa311111YHblX 311eKTPJ.1YeeKll1X S0JlJ.1YJ.1H, HaAO 6y,o,eT seerAa s:ieHO 

npeAeTaS11RTb ee6e, YTO Tbl 1113M0PJ.111 J.1 YTO 3TO MO:>KeT 03HaYaTb Ha eaMOM Ae11e. A 03-

HaYaTb 3TO MO:>KeT TOllbKO OAHO: 

Ilpu ucnoJlb30Ba1tuu Jl106btX uaMepumeJtbltbtX npu6opoB 

<jJa1emu11,ec1eoe 311,a11,e11,ue ua.Mepae.Mozo napaMe,,.,,pa 11,e MO

J1Cem 6btmb ua.Mepe11,o uJLu ycma1toBJ1,e1to no ut1eaJte npu6opa 

c mo11,11,ocmb10, npeBbtuta10~eu 1'Jtacc mo11,11,ocmu npu6opa. 

A Alls:! Hawero np1.1Mepa 3TO 03HaYaeT, YTO np111 Knaeee Maraa111Ha, 06eeneY11sa10~eM 
TOYHOeTb J.13MepeHll1R He 6011ee ±5% (111HaYe rosopR s 10%) np111 S011111Yll1He eyMMapHoi-1 

yeTaHOS11eHHOill eMKOeTl/1 s 5,5 MKcD 6eceMblC11eHHO yeTaHas11111saTb 11106b1e 3HaYeHll1R 

eMKOeTll1 Ha Jlll1Hei11Kax, eyMMapHaR eMKOCTb KOTOpblX 6yAeT MeHbWe 0,55 MKcD. 
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~ ei.ue OAHa "ll/ICTO npaKTlll"leCKiS'I AeTaJlb. 6 Ha"laJle 1eMt>I 6blJIO CKa3aHO, "!TO BO 

BCex Jl"1Hei11Kax Bee AeCs:tTb KOHAeHCaTOPOB AOmKHbl "1MeTb no B03MO)l(H0CTlll a6COJllOTHO 

OA"1HaKOBble Be11"1"1"1Hbl eMKOCTlll. 3TO yTBep)l(A0H"1e OCTaeTCS'I B C"111e, HO OHO He pac

npocTpaHReTCS'I Ha caMblill nepBblill KOHAeHcarop B nepBOill JllllHeillKe. Ero eMKOCTb AOJl)l(

Ha 6b1Tb He 100 n<l>, a MeHbWe Ha BeJllll"llllHY co6CTBeHHOill eMKOCTlll Mara3111Ha np111 «Hy

JISBOM» 3Ha"leH"1111 Ha6opa (KOrAa Bee KHOnK111 Bcex per111cTpoe OT)l(aTbl). OnpeAeJllllTb Be

Jllll"llllHY 3TOill co6CTBeHHOill eMKOCTlll Mara3111Ha np111 OTCYTCTBllllll 1113Mep111TeJ1s:t eMKOCTlll 

AOCTaTO"IHO CJIO>KHO, HO TeM He MeHee B03MO)l(HQ. ,lJ,JIR 3TOro HMO BOCnOJlb30BaTbCS'I 

MeTOAOM, 0 KOTOpOM ~e ynOMlllHaJIOCb: nOAKJllO"llllTb K lllCTO"IHlllKY J1106oro nepeMeH

HOro HanpR>KeHlllS'I nOCJleAOBaTeJlbHO BblXOAHble KJleMMbl Mara3111Ha Ill HeKOTOporo BCno

MoraTeJlbHOro KOHAeHcaropa H060JlbWOill eMKOCTlll (AO 100 n<l>). noAKJllO"las:t nonepe

MeHHO KOHAeHCaTOpbl pa3HOill eMKOCTlll Ill cpaBHlllBaR Belllll"llllHl>I nepeMeHHOrO Ha

nps:t)l(eHlllS'I Ha MOCTe Ill BCnOMOraTeJlbHOM KOHAeHcarope, HMO A06111TbCS'I paeeHCTBa 

3TlllX ABYX Hanps:t>KeH111ill. 3TO B03MO)l(H0 TOJlbKO B TOM CJly"lae, ec11111 OKa>KYTCSI paBHbl o6e 

eMKOCTlll. 

AonycrnM, TaKoe no11o)l(eH111e COOTBeTcTeyeT eMKOCTlll BcnoMoraTeJlbHOro KOHAeH

caropa 39 n<l>. B 3TOM cny"!ae eMKOCTb nepBoro KOHAeHcaropa nepBoill 11111HeillK"1 Mara-

3"1Ha HMO B3S'ITb He 100 n<l>, a 100 - 39 = 61 n<l> 111111116J11/1)1(ai/lwee «CTaHAaPTHOe» 3Ha"le

Hllle, B HaweM c11y"lae - 62 n<l>. 

~ nocneAHee: pa60"lllle Hanps:t>KeHlllS'I Bcex 6e3 lllCKJllO"l0HlllA KOHAeHCaTOPOB HMO 

B3S'ITb MaKC"1MaJlbHO B03MO>KHblMlll Ill )l(eJlaTeJlbHO OAlllHaKOBblMlll, "IT06bl Mara3111HOM 

MO>KHO 6blJIO nOJlb30BaTbCS'I np111 pa6oTe co cxeMBMlll, rAe pa60"llll0 Hanps:t)l(eHlllS'I MOfYT 

6b1Tb AOCTaTO"IHO BblCOKlllMlll (Hanp111Mep, B JlaMnOBblX CXeMax). np111 Jll06b1X 06CTOS'l

TeJlbCTBax HeAOnyCTlllMO nOAKJllO"IBTb Mara3111H K L!enRM, peaJlbHOe Hanpsi>KeHl/le B KOTO

pblX BblWe pa6o"lero Hanps:t)l(eHlllS'I KOHAeHCBTOpOB Mara3111Ha. 

Hy BOT Ha 3TOM 111 aaKOH"llllM Hawe nepBoe aaHs:tTllle. TaK KaK nepeoe aaHRTllle 6b1110 

BeCbMa HBCbll,UeHHblM Ill 06beMHblM, B Ka"leCTBe npaKTlll"leCKOill pa60Tbl npeAOCTaB

JIS'leTCS'I B03M0)1(H0CTb nplllCTYnlllTb K C03AQHllllO Mara3111Ha eMKOCTelil - Ha 3TO yillAeT He 

OAlllH no11Hb1ill pa60"l"1ill AeHb. A npaKT111"lecK111e pa60Tb1 c ycoeepweHcTeoeaH111eM Hawe

ro nepeoro np111eMHlllKa, paayMeeTCS'I, 06S'l3BT0JlbHO nos:tBS'ITCS'I B 611111>1<aillweM 6YAYLUeM, 

KOrAa Mbl XOTS'I 6bl "IYTb-"IYTb n03HaKOMlllMCS'I c pa6oTOill TpaH3111CTOPOB Ill PMlllOJlaMn. 

Ao c11eAyioi.ueill ecTpe"1111! 



3>\t-Utl~tE fffOPOE 

TeopMH 

YpoK 1. nPMHUMn PAEOTbI 
flAMnOBOro TPMOLIA 

TpexsneKTPOAHaS'I 11aMna (TplllOA) sis11sieTCS'I KpaeyrOllbHblM KaMHeM sceill 11aMnosoill 
TeXHlllKlll, a npo111cx0Asi~111e e Heil! npou.eccb1 11e:>KaT e ocHoee scex npou.eccos, npoTeKa
t0~111x B nt06blX (11111111 nO'ITlll B mo6b1X) 6onee CJ10)!(HblX naMnax, n03TOMY paCCMOTpeHllllO 
np111Hu.111na pa60Tb1 TPlllOAa 111 cp111a111K111 npo111cxoAS1~111x s HeM npou.eccos Mbl yAen111M ca
Moe npVICTallbHOe BHlllMaH111e. V1 HaYHeM c Toro, '!TO YYTb paHbWe Ha3Ban111 T p e T b Ill M 
K Ill T 0 M naMnOBOill TeXHlllKlll. 

BepHeMCS'I K p111c. 1 (c. 12), lllJlJllOCTPlllPYtO~eMy pa6oTy naMnoeoro AlllOAa, Ill AO
ncnHlllM era e~e OAHVIM aneMeHTOM: noMeCTlllM rAe-TO HeAaneKO OT KaTOAa 06blKHO
BeHHYIO MenKOS'l'leVICTYIO MeTann111YeCKylO ceTKY Ill BblBeAeM OT Hee Hapy:>Ky 6annoHa 
npOBOA. V1 nyCTb 3TOT AOnOnHlllTeJlbHblill 31leKTPOA TaK Ill Ha3blBaeTCS'I - ceTKa (p111c. 7). 
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P111c. 7. CxeMaTlll'leCKOe ycrpoiilcrso naMnosoro rp1110Aa 



'-ITo 1113MeH111nocb e np111H4111ne pa60Tb1 AlllOAa 111 ero 3neKTplll'·1ecK111x xapaKTep111cT111-

Kax OT eeeAeH111si 3TOro AOnonH111TenbHOro 3neKTpOAa? A Hlll'·1ero He 1113MeH111nocb. Aeno 

B TOM, "ITO KaKl/IMlll 6bl MenKti!Mlll Hiii 6b1n111 R"leiliKlll Haweili C0TKlll, I/IX pa3Mepbl HeconocTa

BlllMbl c pa3MepaMl/I OAHOro OTAenbHOro 3neKTpOHa, n03TOMY 3neKTpOHbl 6YAYT no-npe

>KHeMy CB060AH0 nponeTaTb CKB03b ceTKy, KaK ecn111 6bl 3TOili ceTKlll Ill He 6blJIO. 

A "ITO 1113MeHlllTCSI, ecn111 Mbl COeAlllHlllM BblBOA C0TKlll c BblBOAOM KaTOAa? ~ onRTb 

HlllL!ero He 1113MeHlllTCSI, nOTOMY "ITO Ha ceTKe OKa>KeTCSI TaKOili >Ke noTeH4111an, "ITO Ill Ha 

KaTOA0, a 3Ha"llllT, pa3HOCTb noTeH4111anoe Me)f(,IJ,y KaTOAOM Ill C0TKOili 6yAeT paBHa HyntO 

Ill HlllKaKoro ,o,ononHvtTenbHOro 3neKTplll"leCKOrO nonsi AJISI B03AeiliCTBlllSI Ha noTOK CB0-

60AHblX 3neKTPOHOB He nORBlllTCSI. 

A "ITO np011130iliAeT, ecn111 Mbl COeAlllHlllM BblBOA ceTKlll c BblBOAOM aHOAa? BOT Tenepb 

KapTlllHa pe3KO 1113MeHlllTCR. Ha nepeoM ypoKe nepeoro 3aHSITlllR 6b1na np111eeAeHa cpop

Myna 113HrMbtOpa, 1113 KOTOpoili cneAOBano, "ITO eenlll"llllHa aHOAHOro TOKa nponop41110-

HanbHa (B CTeneHl/I 3/2) HanpR>K0HllllO Ha aHOA0 Ill o6paTHO nponop4lllOHa1lbHa pacCTOSl

HllllO Me)f(,IJ,y aHOAOM Ill KaTOAOM. ~HblMlll cnoeaMlll, ecn111 6bl Mbl B 10 pa3 COKpaTlllnlll 3TO 

paccTOSIHllle, TO AJISI nony"l0HlllSI TOili >Ke eenlll"llllHbl aHOAHOro TOKa MO>KHO 6b1no B 10 pa3 

yMeHbWlllTb Hanpsi>KeH111e Ha aHOAe. 

3anOMHlllM 3TO, nOTOMY "ITO O"leHb CKOPO Mbl K 3TOMy eepHeMCSI. A Tenepb Ha KaKoe

TO epeMR OTKJllO"llllM lllCTO"IHlllK aHOAHOro Hanpsi>KeHlllSI (111n111 nonpOCTY BblHeM 1113 Haweili 

TeopeTlll"leCKOili naMnbl 8HOA) Ill 6yAeM paccMaTp111eaTb OCTaBWYIOCSI "laCl'b naMnbl KaK 

AlllOA, B KOTOPOM ponb aHOAa BblnOnHSleT Haw HOBblili 3neKTPOA - ceTKa. 

Ha caMOM Aene 3Ta HOBaSI naMna a6cont0THO Hlll"leM He OTnlll"laeTCSI OT 06bl"IHOro 

AlllOAa Ill nonHOCTblO 00A"llllHSl0TCSI BC0M 3aKOHaM pa60Tbl HOpMa11bHOro AlllOAa. npaBAa, 

nplllABlllHYB HOBblili ceT"laTblili aHOA K KaTOAY Ill yMeHbWlllB TaKlllM o6pa30M B 10 paa pac

CTOSIHl/le aHOA-KaTOA, Mbl TeM CaMblM yeen111L1111n111 B Te >Ke 10 pa3 3cpcpeKTlllBHOCTb 803-

AeiliCTBlllSI aHOAHOro Hanpsi>KeHlllSI Ha eenlll"llllHY aHOAHOro TOKa. Ho nOCKOnbKY Mbl He 

CTaBlllnlll CBOeili 4enbt0 yeenlll"l0Hllle aHOAHOro TOKa, a XOTlllM coxpaHlllTb ero 3Ha'-leH111e 

npe>KHlllM, Mbl MO>KeM B 10 pa3 nOHlll3111Tb eenlll"llllHY aHOAHOro Hanpsi>KeHlllSI, T. e. B3SITb 

Ee+= 0, 1Ea. 
noHSITHO TaK>Ke, "ITO nepeKJ1t0L1111e TYM6nep Ha cxeMe p111c. 7 1113 npaeoro nonmKeH111si 

B neeoe, Mbl noMeHR0M nonsipHOCTb aHOAHOro Hanpsi>KeHlllSI c nonO>Kl/ITenbHOili Ha OTp111-

4aTenbHyt0, B pe3ynbTaTe "lero AlllOA OKa>KeTCSI 3anepTblM Ill aHOAHblili TOK nonHOCTblO 

npeKpaT111Tcsi. OTCtOAa Mbl CAenaeM ea>KHeiliw111ili AJISI Haw111x nocneAYIOl.l.!.lllX paccy)f(,IJ,e

Hlllili BblBOA: 

BoaaeucmBue nomenquaJta cem1eu na BeJtu11,uny anoanozo 
mo1ea Jta.Mnbt nocum ma1eou 3/Ce xapa1emep, 11,mo u Boaaeu

cmBue nomenquaJta anoaa, no omJtu11,aemcsi om nezo arp

fjJe1emuBnocmb10, 1eomopasi nacmoJlblCO OOJlbZUe, nac1eOJlb1CO 
cem1ea pacnOJl031Cena OJlU:JICe IC 1eamoay, 11,e.M anoa. 

Ao c111x nop Mbl paccMaTp111ean111 OTAenbHO en111siH111e Ha aHOAHblili TOK Hanpsi>t<eH111si Ha 

aHOAe 111 Hanpsi>t<eH111si Ha cerKe. A renepb nocMOTPlllM, KaK en111sier Ha een111L1111Hy aHOAHO

ro TOKa OAHOBpeMeHHOe B03AeiliCTBl/le 060111x Hanpsi>KeHlllili. 

8KJllO"llllM BHa"lane OAHO TOnbKO aHOAHOe Hanpsi>KeH111e F.a, KOTOpoe C03AaCT Me)f(,IJ,y 

aHOAOM Ill KaTOAOM nonO>KlllTenbHOe 3n0KTPlll"leCKOe none. 3TO none 30CTaBlllT 3neKTpO

Hbl ABlllraTbCSI B CTOpOHy aHOAa, "ITO C03A8CT nOCTOSIHHblili aHOAHblili TOK 'a· '-lepe3 SIYeili

Klll ceTKlll 3neKTPOHbl nponeTatOT coeepweHHO CB060AHO, He 3aAep>KlllB0SICb Ha Heili, 

n03TOMy BO BHeWHIOIO 4enb CeTKVI OHi/i He OTB0TBnSllOTCSI, T. e. He C03AatOT HlllKaKoro 

ceTO"IHOro TOKa. 
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EiyAeM C"llllTBTb, "ITO HanpS!)K0Hllle BHOAH0'1 6arnpe111 paBHO 100 B (3TO ynpOCTllll 

HElWlll ABnbHe'1w111e BblKJlBAKlll), a aHOAHbl'1 TOK YCTBHOBlll11CSI Ha Be1llll"llllH8 la= 10 MA. 

Tenepb noAK1110"llllM BblBOA ceTKlll K AOno11H111Te11bHOMY (ceTO"IHOMY) lllCTO"IHlllKY no

cro~HHoro TOKa - 6arapelilKe Ee+ c HanpS1)KeH111eM 10 B. Ec11111 6b1 B 3TOT MOMeHT aHOA

Hoe HanpS1)KeH111e OTCYTCTBOBBJlO, TO TOK "lepe3 naMny He 1113MeHlll11CSI 6bl, nOCKOllbKY 

ceTKa pacnono)KeHa K KaTOAY e 10 pa3 611111)Ke, a Hanpsi)KeH111e Ha He'1B10 pa3 M0Hbwe. 

1113M0HlllhCS'I 6bl TO/lbKO nytb TOKa: Tenepb OH npoTeKan 6bl He OT KBTOAB K aHOAY. a OT 

KBTOAB K ceTKe, o6pa3ys:i BO BHewHe'1 1..1en111 C0TO"IHbl'1 TOK B81llll"llllH0'1 10 MA. 

A tenepb CHOBB hOAKnlO"llllM aHOAHYIO 6aTapelO Ill nocMOTPlllM, KBK noBeAYT ce6si 

3neKTPOHbl B 3TOM c11yL1ae. npeoAoneB noA Ae'1cTB111eM 311eKTp111L1eCKoro nonsi Et 
(p111c. 7) paccTOS!Hllle K8TOA-C0TKB, OHlll OKB)KYTCSI y CTapTOBOM 11111Hllllll HOBOro 3110KTp111-

"10CKOro n011SI E2, HanpS'l.>K0HHOCTb KOTOporo onpe,o,en~eTCSI pa3HOCTblO nOT0HL\lllB110B 

Ea - ~+ = 100 -10 = 90 B. 
lllHa"le roeopsi, All~ 3110KTPOHOB, AOCTlllrWlllX ceTKlll, OCTBBWBSICSI "IBCTb naMnbl (Ha 

y"laCTKe C0TKa-aHOA) npeACTBB11Sl8T co6oM 06bl"IHblM AlllOA, B KOTOpOM PO/lb lllCTO"IHlllKa 

3J18KTPOHOB 111rpaeT He «KBTOAHOe 0611aKO», a Ta Macca 311eKTpOHOB, KOTOpasi K 3TOMy 

MOM8HTy AOCTl!lrna CTBPTOB0'111111Hllllll, T. e. ceTKlll. 

Ho B OT11111"11118 OT 3110KTPOHOB, BXOAlllBWlllX B «3118KTPOHHOe 0611aKO» BOKpyr KBTOAB 

Ill HBXOAlllBWlllXCSI B COCTOS'IHllllll xaOTlll"l0CKOro, HeynopS!A0"10HHOro 6poyHOBCKOro ABlll

)KeHlllSI, 311eKTpOHbl Ha CTBpTOB0'1 11111Hllllll y)Ke np11106pe11111 H8KOTOpb1'1 aanac KlllH0Tlll"l0-

CK0'1 3Hepr111111, COOTB0TCTBYIO~lll'1 B011111"1111He TOKa 10 MA. 3TOT cpaKT lllM00T ABB BB)KHblX 

CJ10ACTB"1SI. 

Bo-nepBblX, OCHOBHBSI Macca paaorHBHHblX AO onpeA0118HH0'1 CKOPOCTlll 311eKTpo

HOB npOCKBKlllBaeT L1epe3 Sl"l0'1Klll CeTKlll, He OTB0TB11SIS!Cb B ee BH8WHIOIO 1..1enb "' He co-

3ABBBSI 3BM0THOro C0TO"IHOro TOKa, a BO-BTOpblX, 3Ta 3H0PrlllSI, CK11BAblB8S!Cb c 3Heprlll

e'1 OT nonsi E2, nplllBOAlllT nO"ITlll K AByxKpaTHOMy YB8J1111"18HllllO H8"1B1lbHOro BHOAHOro 

TOKa. 

A Tenepb CAenaeM caMoe BB)KHOe: nOAKlllO"llllM K ceTKe BMeCTO 6arnpe'1K111 Ee+ 6arn

pe'1Ky Ee- TalOKe c Hanpsi)KeH111eM 10 B, HO y)Ke OTp1111..1aTe11bH0'1 nonsipHOCTlll. Tenepb 

3110KTpOHbl «KBTOAHOrO 0611aKa» OKB)KYTCSI nOA OAHOBP0M0HHblM B03A8'1CTBlll0M ABYX 

3110KTPlllL10CKlllX no11e'1: nO/lO)KlllTellbHOro nOJlSI BHOAHOM 6arnpe111, KOTOpoe 6YA0T np111-

TS!rlllBBTb 3110KTPOHbl K aHOAY c H0KOTOpo'1 Clll110'1 +P, Ill OTPllll..IBT0JlbHOrO nOJlSI ceTKlll 

(-Et), KOTOpoe 6yAeT OTTB11KlllBBTb 3110KTpOHbl o6paTHO K KBTOAY c TO"IHO TaK0'1 )1(0 no 

ee11111L1111He, HO nporneonono)KHO Hanpae11eHH0'1 c111110'1 -P. 
CyMMa 3TlllX AByx C"111 6yAeT, paayMeeTCSI, paBHa HylllO, B pe3y11bTBTe TOK "lepea naM

ny npeKpaT111Tcsi B c11111y 0TcyrcTe111si np111L1111Hb1. CaMo co6o'1 paayMeeTcsi, "ITO 111 B 3TOM 

cny"lae HlllKBKOro «CeTO"IHOrO» TOKa BO BH8WHe'1 1..1en111 ceTKlll He 6yAeT. B pe3y1lbTaTe Mbl 

np"1W11111 K caMOMY rnaBHOMy, CBMOMy BB)KHOMy 3BKJ1IO"l0HllllO - K HaweMy T p e T be M y 

Kiii Ty: 

BBeaa 6 Jla.MnOBblU auoa aonOJlHUmeJlbHblU aJlelCmpoa -

ynpaBJl.stJOUfYIO cem1ey - .Mbt noJty1luJtu eoa~o31Cnocmb ua

.Menamb e zuup01cux npeaeJtax BeJtu1luny mo1ea 1tepea JtaMny 

nymeM ua.Menenua 6 nefJoJtbzuux npeaeJtax nanpa31Cenua na 
ee cem1ee. Ilpu amoM na BHezuneu nazpya1ee Jta.Mnbt .M031CH.O BbtaeJtamb 3tta-

1lurtieJtbny10 aJte1empu1tecn:y10 .MOUfHOCmb, npeaeJtbt 1eomopou oepanu1lUBa10m

ca .MOUfHOCmblO anoanou oamapeu U HU1Ca1C He C6.R3aHbl C .MOUfHOCmblO noa-

6oau.MOZO 1e cem1ee cuznaJta. 
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P111c. 8. K aHan111ay pa6orb1 naMnoeoro KaCKaAa Ha rp1110Ae 

100 8 

100 8 

B) 

,lJ,nR TOro, •1T06b1 3Ta lllCTlllHa CTaJla COBCSM y>K 0"18BlllAH0£1, nplllB9A9M H9KOTOPbl'1 

c11111bHO ynpo1J..teHHb1'1 pacYeT npocTe£1wero 11aMnosoro KaCKMa Ha Tp1110Ae, 111306pa

>KeHHOro Ha p111c. 8. 3A9Cb y>Ke 3HaKOMbl'1 HaM TPlllOA c HanpR>K9Hlll9M aHOAHOi-1 6arnpe111 

Ea= 100 B, aHOAHblM TOKOM (6e3 BJllllRHlllR ceTKlll!) la= 10 MA 111 pe3111cTopoM Harpy3Klll 

RH= 5 KOM, BKJ110YeHHblM noc11eAOBare11bHO B uenb aHoAa. napan11e11bHO pe3111cTopy Mb1 

BKJllO"llllM 80JlbTMeTp B 1, KOTOpbli-1 6yAeT cplllKCLllP08aTb naAeHllle HanpR>KSHlllR Ha pe3111C

Tope Harpy3Klll, a Me)l(,Cl,y aHOAOM Ill K0TOAOM - BOJlbTMSTP 82, KOTOpb1'1 6yAeT noKa3bl

BaTb cpaKTlll"ISCKOe HanpR>K9Hllle Ha caMoi-1 JlaMne. 

CoeAlllHlllM ceTKY c KaTOAOM (TYM611ep Ha cxeMe 0npa00), npespaTlll8 TPlllOA 0 06b1L1-

Hb1'1 AlllOA. YcTaH081118Wlll~CR BHOAHbl'11 TOK 10 MA, nporeKaR L1epe3 pe3111CTOP Harpy3Klll, 

C03AaCT Ha HSM naAeHllle HanpR>KeHlllR 50 8, KOTOpoe 3acp111KClllpyeT 80JlbTMeTp. np111 

3TOM Ha CBM0£111aMne (Me)l(,Cl,y BHOAOM Ill KaTOAOM) OCTaHeTCR Ua = 100 - 50 = 50 B. 
Tenepb nepeKJ110"llllM TYM611ep 011e00 111 noAaAlllM Ha ceTKY OTPlllL\BTeJ1bHOe HanpR

>KeH111e. YT06bl nOJIHOCTblO KOMneHClllpOBaTb 8JILllRHlll9 aHOAa, 3TO HanpR>K9Hllle B HaweM 

CJlyYae AOJl)KHO COCTBBJIRTb 1/10 8911111"1111Hbl aHOAHOro HanpR>K9HLllR, T. e. Uc= -(50: 10) = 
= -5 8. np111 3TOM BHOAHbl£1TOK8 JlaMne npeKpaTl/ITCR, a naAeHLlle HanpR>KeHlllR HB pe31/1· 

CTOpe COCTaBl/IT 0 B, "!TO 3acp111Kc111pyeT BOJlbTM9Tp. 

C119AY9T cpa3y >Ke Or080PlllTbCR, "!TO TaKOe ClllJlbHO ynpoLI..teHHOe TOJIK08aHllle R8HO 

HeKoppeKTHO, nOCKOJlbKY np111 nocTeneHHOM yse11111YeH111111 0Tp111uaTeJ1bHOro HanpR>KSHlllR 

Ha ceTKe TaK>Ke nocTeneHHO 6yAeT yMeHbWaTbCR aHOAHbli-1 TOK Ill COOTB9TCT8eHHO naAe

Hl/le HanpR>K9Hli!R Ha Harpy3Ke. j..1 K TOMY MOMSHTY, KOrAB JlaMna OKa>KeTCR 3anepT0£1, 

HanpR>1<eH111e aHOA-KaTOA 6yAeT y>Ke He 50, a 100 B, raK "!TO AJIR no11Horo 3an111paH111R 

TPlllOAa K KOHL\Y 3Toro npouecca Ha ceTKy noHM06111TCR noAa0aTb He -5 B, a -10 B. 
3TO paCXO)l(,Cl,9Hl/le He M9HR9T nplllHL\llln111aJlbH0£1 KapTLllHbl npOLll€XOARIJ..tlllX npouec

C08, 8JllllRR JILllWb Ha ero KOJllll"l9CT89HHYIO OL\SHKy, "!TO HaXOALllT o-ipa>KeH111e B CYLI..t9CT80-

BaHl/llll ABYX 8111A08 xapaKTeplllCTlllK 111060£1 JlaMnbl - CTaTlll"leCKlllX Ill AlllHaMlll"ISCKlllX. 

Ho nOCKOJlbKY Mbl 3TlllX TOHKOCTei-1 noKa He 3HaeM, speMeHHO 3aKpOeM rna3a Ha 3TLll 

pa3Jllll"llllR, nOCKOJlbKY AJIR Hae ce£1Yac Ba>KHee reopernYeCKaR CTOPOHa ',o.e11a. 

"1TaK, 6YA9M CLllllTaTb, "!TO, MSHRR Hanps:i>KeH111e Ha CeTKe OT -5 B AO 0, Mbl TeM ca

MblM M9HR9M TOK Yepe3 11aMny OT 0 AO 10 MA, "!TO npLllBOAlllT K lllJM9H9HllllO naASHLllR 

HanpR>KSHltlR Ha pe31/1CTOpe Harpy3Klll OT HYJIR AO 50 B. 
Tenepb c11erKa 1113MSHlllM uenb ynpasnRIOLI..tei-1 ceTKl!l, BKJllOYLllB noc11eA08aTeJ1bHO 

c ceTOYHOi-1 6arape£1Ko£1 LllCTO"IHlllK nepeMeHHOro Hanps:i>KeHLllR c aMnmllTYAOi-1 5 B, 111 OA

Ho0peMeHHO yMeHbWLllM HanpR>KeH111e 6arnpe'1K111 AO 2,5 B (p111c. 8,6). Bo 0peMR no110-
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)l(lllTenbHOro nonynep1110Aa nepeMeHHoro Hanpsi)l(eHlllS'I (+2,5 B) cyMMapHoe Hanpsi)l(e
H111e Ha ceTKe 6yAeT paeHo Uc= (+2,5) + (-2,5) = 0, a eo epeMsi oTplll~TenbHoro nony
nep1110Aa COCTaBlllT Uc= (-2,5) + (-2,5) = -5 B. 

lllHblMlll cnoeaM111, e Hoeo'1 cxeMe HanpS'l)l(eH111e Ha ceTKe 6yneT MeHS'ITbCS'I e rex >Ke 
npeAenax (OT 0 AO -5 B), HO c "laCTOTOH nepeMeHHoro Hanpsi>KeH111si. EcTecTeeHHO, "ITO 
c TaKo'1 )Ke "laCTOTOH Ha pe3111CTOpe Harpy3Klll 6yAeT MeHS'ITbCS'I naAeH111e HanpS'l)l(eHl/IS'I 
OT 0 AO 50 B, T. e. nosie111Tcsi nepeMeHHoe Hanpsi)l(eH111e TOH )Ke "laCTOTbl 111 cpopMbl, "ITO 
111 Hanpsi)l(eH111e Ha ceTKe, HO e 10 pa3 6onbwee no aMnnlllTYAe. 

lllCXOAS'I 1113 3TOro MO)l(HO CKa3aTb, "ITO naMna KaK 6bl yc111n111na nOABeAeHHOe K ceTKe 
Hanpsi)l(eH111e e 10 pa3 (Ha caMoM Aene naMna Hlll"lero He yc111n111eaeT, a ecero n111wb yn
paensieT sneKTpOHHblM noTOKOM aHOAHOH 6arape111). 

Ho 3TO OTHIOAb He caMoe rnaBHOe. rnaBHOe COCTOlllT B TOM, "ITO np111 nBAeHllllll Hanpsi
)1(0Hl/IS'I 50 B Ha pe3111crope 5 KOM BblAensieTCS'I aneKTp111L1ecKasi MOll!HOCTb, paeHasi, Br, 

u2 502 

AiArP =71= 5000 =0,5. 

np111 3TOM B l..\enlll C0TKlll 3Hepr111S'I lllCTO"IHlllKB nepeM0HHOro HanpS'l)l(0HlllS'I 800611.!0 He 
paCXOAY0TCS'I, noCKOnbKY B nl060'1 MOMeHT epeMeHlll Hanpsi)l(eHl/le Ha ceTKe OCTaeTCS'I 
OTPlllL\aTenbHblM OTHOClllTenbHO KaTOAB, a cneAOBBTenbHO, He B03HlllKaeT HlllKaKoro ce
TO"IHOro TOKa. 

lllTaK, Mbl nOAOWnlll K caMOMy rnaBHOMy, K HaweMy T p e Tb e M y K Ill Ty naMnOBO~ 
T0XHlllKlll. Ill COCTOlllT 3TO rnaBHOe B CneAYIOll!eM: 

IIpu.Menenue Jta.Mnbt c ynpa6Jtst10Ufeu cemKou iJaem Bo.:J
.Mo:JtCnocm& noJty"lum& na BbtxoiJe ycmpoucmea aJte1'mpu'lte
C1'Uu cuznaJt iJocmamo"lnou .MOUfHOcmu, ne pacxoiJya npu 

amo.M .MOUfHOCmb ynpa6Jt.R.10UfeZO CUZHaJta. 

YsicH111B np111HL1111n pa6orb1 TPlllOAB, Mbl MO)l(eM renepb nepe'1r111 K 6onee AeTanbHOMY 
aHanlll3Y Ill KOnlll"leCTBeHHblM Ol..\eHKaM ero sneKTPlllL10CKlllX napaMeTpOB, 3aBlllClllMOCTlll 
3TlllX napaMerpoe OT n111Ta10ll!lllX Hanpsi)l(eH111'1, xapaKrepa Harpy3Klll 111 APYr OT Apyra. 
3Tlll CBeAeHl/IS'I nOMOryT HSM TO"IHO Ol..\eHlllTb AOCTOlllHCTBa Ill HeAOCTaTKlll TPlllOAB Ill TeM 
caMblM O"lepTlllTb Kpyr 3BAB"I, KOTOpble MO)l(HO pewaTb c noMOll!blO TplllOAa, a cneAOBa
TenbHO, 111 o6naCTb ero np111MeHeH111si. 

OcHOBHblM lllHCTpyMeHTOM AJIS'I Ol..\eHKlll KaL1ecTea 111 noTeH4111anbHblX B03MO>KHOCTe'1 
nio6o'1 naMnbl cny)l(aT ceMe'1crea ee crar111L1ecK111x 111 AlllHaM111L1eCKlllX xapaKrep111cT111K, 
OTproi<atOll!lllX noBeAeH111e naMnbl nplll pa3HblX n111ra10ll!lllX HanpS'l)l(eHlllS'IX Ill Harpy3KBX. 

'iyrb paHbWe Mbl Y>Ke CTOnKHynlllCb c TeM, "ITO H8nlll"lllle pe3111CTopa Harpy3Klll B aHOA
HOH 4en111 naMnbl Cyll!eCTBeHHu MeHS'leT KapTlllHY BnlllS'IHlllS'I ynpaenS'llOll!eH ceTKlll Ha een111-
"llllHY BHOAHOro TOKB, a TaK)l(e 1/13MeHS'l0T eenlll"llllHY «3an111pa10ll!ero» Hanpsi>KeHlllS'I Ha ca
M0'1 ceTKe. BepHeMcsi K 3TOMY ell!e pa3. 

1113 npeAblAYll!ero L1111cnoeoro np111Mepa Mbl noMHlllM, "ITO np111 nonHOCTblO 3anepro'1 
naMne Ha pe3111CTOpe Harpy3Klll Her nBAeHlllS'I HanpS'l)l(eHlllS'I (UHArP = 0), a Bee HanpS'l)l(eHllle 
aHOAH0'16arnpe111 np111nO)l(eHO K naMne (UJIAMn = 100 B). A nplll TOKe ,Bro MA HanpS'l>t<eHl/le 
6arape111 n0Aen111TCS'I noposHy Me)l(Ay pe3111cTopoM Harpy3Klll 111 naMno'1 (UHArP = UnAMn = 
= 50 B). 

A renepb nOCMOTPlllM Ha p111c. 8,B, rAe BMeCTO naMnbl BKnlO"leHO 06bl,"IHOe aKTlllBHOe 
conpor111eneH111e, Koropoe Mbl Ha3eam11 R1• Ill ecn111 een111L1111Ha sroro conpon10neH111si 
6yAeT raKo'1 >Ke, "ITO 111 Ra (R1 =Ra= 5 KOM), TO noKa3aHlllS'I eonbTMerpoe Ha 060111x p111-
cyHKax COBnBAyT, T. e. OYAYT paBHbl 50 B. 3To no3BOnS'leT HBM CAenaTb cneAYIOl1.!09 
3aKn10L1eH111e: 
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Ilpu 8a1tltbtX 6eJtUllU1taX numa10U{UX nanpst31Ce1tUU U 6 yc

ma1t06U6uteMCR pe31CuMe .M.bt Mo31CeM pacc.M.ampueam& yllac

m01c ano8-x:amo8 JtaMnbt H:aH: 1teH:Oe 3H:6U6aJte1tm1tOe aH:

mU61tOe conpomueJtenue. 

3TO nOHRTllle RB11ReTCR OAHlllM 1113 Ba)t<Heillw111x np11111106blX pac'leTax 11aMnOBblX cxeM. 

Ha3b1eaeTcR OHO BHYTPeHHlllM conpoT111B11eH111eM 11aMnb1 111 o6o3Ha'laeTCR R1• KaK 11111106oe 

aKTlllBHOe conporne11eH111e, R1 eb1pa)KaeTcR e eAlllHlllL\ax conpoT111011eH11tR (OM, KOM, MOM). 

BHYTPeHHee conpoT111011eH111e 11aMnb1 - OAlllH 1113 ocHOBHblX ee napaMeTpoe, np11100-

AlllMb1x e cnpaeo"IHlllKax, 111 e TO )Ke epeMR BHYTPeHHero conpon1011eH111R 11aMnb1 KaK Ta

Koeoro He cyll.\eCTeyeT. BHYTpeHHee conporne11eH111e paA111011aMnb1 - K11acc111YecK111ill 

np111Mep BlllPTYallbHOill peanbHOCTlll. OHO B03HlllKaeT B MOMeHT BKlllO'leHlllR cxeMbl, CYLl.\8-

CTByeT, noKa PSA111011aMna pa6oTaeT, 111111c~e3aeT np111 BblK1110'leH111111 111CTO"IH111Ka n111TaHlllR. 

Mo)KHO pacn11111111Tb pSA111011aMny nononaM, HO HlllKaKoro BHYTpeHHero conpoT111011eH111R 

e Heil! He 06Hapy>K111Tb, nOTOMY "ITO BHYTPeHHee conpoT111011eH111e PSAlll011aMnb1 - 3TO 

OAHS 1113 xapaKTeplllCTlllK KOHcj>111rypa4111111 Ill n110THOCTlll 311eKTpOHHOro nOTOKa, Cyll.\eCTBy

IOLl.\ero BHYTPlll ee KOHCTPYKL..\111111 TOllbKO e npo4ecce pa60Tb1 111 nocTORHHO 1113MeHRIOL1.\SR 

ceoe 3HS'leH111e B 38BlllClllMOCTlll OT pa6o'lero pe>KlllMa Ha ee 311eKTPOASX, OTCyTCTBlllR, 

Ha11111Y111R 111 ee11111"1111Hbl no11e3Horo c111rHa11a 111 PRAa APYrlllX cj>aKTopoe. 

A Ha3b1eaeTcR 3TOT napaMeTp conpoT111011eH111eM noToMy, "ITO e aneKTPlll'leCKlllX pac

'leTax, KOTOpble enonHe npaeoMepHO npoBOAlllTb no cj>opMy11aM KllaCClll'leCKOill 311eKTPO

TeXHlllKlll, npoMe>KYTOK KaTOA-aHOA BHYTPlll pa60Ta10ll.\eill 11aMnb1 MO>KHO paccMaTp111eaTb 

KaK o6bl"IHOe SKTlllBHOe conpOTlllB11eHllle. 

,lJ,pyrnM BS>KHeillWlllM napaMeTpOM 118Mnbl RB11ReTCR ee K03cj>cj>1114111eHT yc11111eHlllR, 

o6o3Ha'laeMblill. rpeyecKoill 6yKeoill µ 111 He 111Me10ll.\lllill Hl!lKaKoill pa3MepHOCTlll. XoTR npaK

Tlll'leCKlll see, KTO pa6oTaeT c P8A1110118MnaMlll, npeAnO"llllTalOT Bblpa>KaTb Be11111'-llllHY µ 

«B paaax», lllM0R nplll 3TOM B BlllAY. "ITO 11aMna yc11111111eaeT flOABOAlllMblill c111rna11 BO 

CTOllbKO-TO pa3. B "ISCTHOCTlll, TeopeT111YecK111ill TPlllOA e HaweM Y111c11000M np111Mepe 

111Me11Be11111'-llllHYµ=10. 

Bnpo'leM, C11eAyeT CHOBa oroeoplllTbCR. np111BeAeHH8R l..\lllcj>pa 10 xapaKTep111ayeT He 

KOScj>cj>1114111eHT yc11111eHlllR CaMoro OTAellbHO B3RTOro TPlllOAa, a 11aMnoeoro KaCKaAa, 

BK1110'la10ll.\ero KPOMe co6cTeeHHO TPlllOAa ell.\e 111 pea111cTop Harpy3Klll, 111cTO"IH111K nepe

MeHHOro HanpR>KeHlllR B L1en111 ceTKlll, ceTO"IHYIO Ill SHOAHYIO 6arnpe111, napaMeTpbl KOTO

pblX MOfYT MeHRTbCR B WlllPOKlllX npeAe11ax, "ITO nplllBOAlllT K 1113MeHeHllllO KOScj>cj>1114111eHTa 

yc11111eH111R KacKaAa. TorAa KaK napaMeTp µ, np111BOAlllMb1ill e cnpaeo"IH111Kax, xapaKrn

p1113yeT 111MeHHO yc11111111rn11bHb1e cnoco6HocT111 caMoill 11aMnb1 111 He 3ae111c111T OT pe)l(111Ma ee 

111cno11baoeaH111R. 

TaK "ITO >Ke 3TO aa napaMeTp 111 "ITO KOHKpeTHO OH xapaKTep111ayeT? Koscpcp111u,111eHT 

yc11111eHlllR 110Mnbl µ noKa3blBaeT, BO CK011bKO pa3 1113MeHeHllle HanpR)KeHlllSl !'la C8TKe A8171-

CTByeT Ha SHOAHblill TOK ClllllbHee, 'leM 1113MeHeH111e HanpR>KeHlllR Ha aHOAe: 

llUa 
µ= llUg (np111 /a= canst). 

npaKTlll'leCKlll 1113MepeHllle 3TOrO napaMeTpa npOlll3BOAlllTCSl C11eAYIOL1.\lllM o6pa30M: 

np111 Helll3MeHHOM (cpeAHeM AJ1Sl AaHHOill 11aMnb1) 3Ha'leHllllll aHOAHOro TOKa 1113MeHRIOT 

Ha B03MO)l(H0 MeHbWYIO Be11111'-llllHY 0HOAHOe HanpR)l(eHllle, a 3aTeM B03HlllKWee 1113MeHe

Hllle TOKa KOMneHClllPYIOT 1113M9HeHllleM nOCTOSlHHOro HanpSl)l(9HlllSl Ha ceTKe. OTHOWeHllle 

1113MeHeHlllSl aHOAHOrO Hanpsi)l(eHlllR K COOTBeTCTBYIOLl.\eMy 1113MeHeHllllO HanpSl)KeHlllSl Ha 

CeTKe Ill eCTb KOScj>cpllll..\llleHT yc11111eHlllR 11aMnb1. 
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B p~e m1Tepa'fYpHb1x 111cTO"IHlllKOB MO)KHO CTOJlKHYTbCSI BM0CTO napaMeTpa µ c na

paMeTpoM D, KOTOpb1A HB3b1saeTCS1npoH111uaeMOCTb1011aMnb1. 

CnEiAyeT aHaTi., "ITO 3T111 ABS napaMeTpa siensiiotcsi eali111MH0 06paTHb11'vl111 se11111"1111-

11aN1111, T. e. 

1 1 
µ= D' a D=µ· 

noci<o.hbky Ko3¢4>1114111etif yblllJieli111R ecerAa 6011bwe eALiiHlllL\bl, npoHlllL\aeMocTb 06si

aate11bi:to Sieilsietcs:i i.!111cho11A AP06Hb1M, a notdMy ee "IBCTo sb1pa)Ka10T s npol..\eHTax. 

Hanp111Mep, r<osct>(j>llii.ij.teliTY yc1.1.neA111s:i so cooteefcteyeT npoH1114aeMocTb 1/50 11111111 2%. 

Ill, HaKOH0L\, TpeTblllM B8)1(Hee1w111M riapaMeTpoM 11aMnb1 sis11sieTCS1 KPYTlll3Ha ee aHOA

HOA xapaKTeplllCTlllKlll. 4T06bl cra11 nOHSITHblM Ill Hcir11SIAH61M CMblCJl 3TOrO CJlOBOCO"leTa

HlllSI, pacCMOTPlllM OTA0JlbHO Ka~oe 1113 3TlllX CJlOB. 

Co cnosoM «xapaKTep111cT111Ka» Mb1 y)Ke cT011KHy11111cb np111 aHa11111ae pa60Tb1 AlllOAa. 

BepHeMcsi K p111c. 2 111 nocM0Tp111M BH111MaTe11bHO. Ha p111cyHKe 111ao6pa)KeHa He OAHa, 

a nS!Tb OTA011bHblX xapaKTep111CTlllK aaBlllClllMOCTlll aHOAHOrO TOKa OT aHOAHOro HanpS!)K0-

HlllSI AJIS! nSITlll pa3HblX 3Ha"l0HlllA TeMnepa'fYpbl KaTOAa. 

TaKOH rpa¢111K, COBM0~IOl.J..llllH B ce6e H0CKOJ1bKO xapaKreplllCTlllK nplll,OAHOM 1113M0-

HSllOl.J..l0MCSI, HO H01113M0HHblX OCTaJlbHblX napaMeTpax, Ha3blBaeTCSI ceMeVtCTBOM xapaK
repvtCTlllK. B ,D,aHHOM C11Y"!a0 1113M0HS!JlaCb TeMnepa'fYpa KaTOAa, a ece OCTa11bHbl0 napa

M0Tpb1 OCTaBaJllllCb H81113M0HHblMlll, B TOM "llllCJ10 (111 3TO AJISI Hae C0H"laC 6yA0T caMblM 

rnaBHblM!) paCCTOS!Hllle Me~y aHOAOM Ill K8TOAOM. 

Ho rnnepb Mbl y)Ke 3HaeM, "!TO 3TO paccTOS!Hllle OAH03Ha"IHO onpeAensieT crnneHb 

aaBlllClllMOCTlll aHOAHOro TOKa OT aHOAHOrO HanpS!)K0HlllSI. Ill ec11111 6bl Mbl 3TO paCCTOS!Hllle 

YM0HbWlllJ1111, TO np111 eoapacTaHllllll aHOAHOrO HanpS!)K0HlllSI Ha TY )1(0 B0Jllll"llllHY TOK "lepea 

naMny BblPOC 6bl 3Ha"llllT0JlbHO 60J1bWe. 

Ill KaK TaKoe 111aMeHeH111e 0Tpa!311111ocb 6b1 Ha xapaKTep111cT111Ke AlllOAa? STo HBr11SIAHO 

B""AHO 1113 p111c. 9, Ha KOTOPOM KPlllBOH A COOTB0TCTBY0T OTHOClllT0JlbHO 60J1bWOe pac

CTOS!Hllle Me~y BHOAQM Ill KBTOAOM, KPlllBOH 8 - M0J10HbKOe paGCTOS!Hllle, a KPlllBOH 5 -
H0KOTOpoe npOM0)1(YTO"IH00 paCCTOSIHlll0. 

30 

P111e. 9. CeMeVicrso BHOAHblX xapaKrep111crnK AJlSI rpex AlllOAOB 
c paaHoVi Kpyr111aH0Vi xapaKrep111crnK111 



1113 cpaeHeH"1SI 3TlllX Tpex xapaKTep"1CTlllK BlllAHO, l.fTO eAlllHCTBeHHOe I/IX pa3111111.fllle co

CTOlllT e cTeneH111 HaKJ1oHa 11111111 111Hal.fe e KPYTlll3He xapaKTep111cT111K. OTCIOAa CTaHOB111Tcsi 

noHSITHblM, noYeMy Tperniil onpeAe11si10L1.1111iil napaMeTp Ha3ea11111 KPYTlll3HOiil xapaKTep111c

T111K111 Ill l.fTO lllMeHHO OH OTprut<aeT. 

1113 Hawero np111Mepa sicHo BlllAHO, l.fTO napaMeTp «KPYTlll3Ha» 3aB111c111T npe)l(Ae ecero 

OT KOHCTPYKL..1111111 11aMnbl, a He OT pe>K111Ma ee 111Cn011b30BBHlllSI, Ill nOTOMY xapaKTep1113yeT 

lllMeHHO caMy 118Mny, HO He 11aMnOBbliil KaCKaA B 1...1e110M. YTO >Ke KacaeTCSI TOl.fHOro MaTe

M8Tllll.feCKOro onpeAeneH111S1 noHsiT111S1 KPYT1113Hbl ( o6o3HaYaeMoro 3amaeHoiil 11aT111HcKoiil 

6yKBoiil S), TO OHO 3BYl.flllT TaK: 

KpymuaHa xapa1cmepucmU1cu Jta.Mnbt no1eaa&t6aem, Ha 

C1COJtb1CO .MeHstemca aHoaHbtU mole Jta.Mnbt npu U3.MeHeHUU 
Hanpst:HCeHUst Ha cem1Ce Ha oauH 60Jtbm. 

MaTeMaT111YecK111 3TO Bblpa>KaeTcsi cpopMy11oiil: S= Ala (np111 Ua = const). 
f!.Ug 

111TaK, Tenepb Mbl 3HaeM, l.fTO TBKOe BHy,-peHHee conpOTlllBJ1eH111e 118Mnbl, K03$4>111-

1...1111eHT yc11111eH111S1 111 KPYTlll3Ha ee xapaKTep111cT111K111. Ka>KAasi 1113 3Tlllx Be111111.f111H xapaKTep111-

ayeT 11aMny c KaKOiil-TO OAHOiil CTOPOHbl, HO OKa3blBB0TCSI, l.fTO Bee OHlll >K0CTKO CBSl3BHbl 

Me)l(Ay co6oiil OAHOi1 38Mel.faTe11bHOi1 38BlllClllMOCtblO, KOTOpS.SI HB3blB80TCSI OCHOBHblM 

ypaBH0Hlll0M naMnbl (11111111 ll!Hal.fe cpopMyllOiil 6apKray3eHa). 111 Bblf11SIAlllT 3Ta 3BBlllClll

MOCTb TaK: 

Ec11111 >Ke BMeCTO K03$<P1111...1111eHTa yc11111eH111si 111cno11b30BBTb 06paTHb1iil no een"11.f111He 

napaMeTp npOHlllL{aeMOCTb (D), TO OCHOBHOe ypaeHeH111e np111MeT ell.le 6011ee np111eneKa

T011bHbliil BlllA: 

SRiD=1. 

3Hasi 11I06ble ABB 1113 OCHOBHblX nacnopTHblX napaMeTpOB, MO>KHO 6e3 TPYAS onpeAe-

11111Tb Tpern£t 

S=~. 
R· l 

no3TOMy HepeAKO B cnpaBOl.fHlllKBX Ill nacnopTax Ha llBMny nplllBOASIT He ece Tplll, 

a T011bKO ABa 1113 3TlllX napaMeTpOB. 

Bo Bcex nplllB0A0HHblX cpopMy11ax onep111py10T OCHOBHblMlll 3110KTPllll.f0CKlllMlll 0AlllHlll

~Mlll (OM, A, 8), OAHBKO Ha npaKTlllKe ( no KpaiilHeiil Mepe AllSI a6C011IOTHOro 6011bWlllH

CTBa np111eMHO-yc11111111Te1lbHblX 11aMn) ropa3AO YA06Hee Bblpa>KaTb HanpSl>K0Hllle B BOJlb

Tax, TOK - e M1111111111aMnepax, a conpoT111e11eH111e - B K1111100Max. KcTaT111, BO ecex cnpa

BOl.fHlllKax Ill nacnopTax Ha J18Mnbl BHY,-peHHee conpOTlllB110Hllle Bblpa>KaloT B KOM, a Kpy

Tlll3HY xapaKTep111cT111K111 - e MA/B. 

Brut<HO YSICHlllTb, l.fTO np111MeHeH111e 3J10KTPOBaKyyMHblX np1116opoe ABeT B H8Wlll pyK"1 

MOL!.Vibliil lllHCTpyMeHT, n03BOJ1SllOL1.lllliil c nOMOll.lblO MlllHlllMBJlbHblX 3aTpaT 3Hepr111111 yn

paBJ1StTb eecbMa 3Hal.f111Te11bHb1M111 3HepreT111YecK111M111 noTOKBMlll. Sm np111HS1TO cpdpMy1w1· 

poeaTb KaK ycun111renbHb1e cnoco6Hocr111 pQA111011aMn 111 TpaH3111CTopoe, xont Mbl Tenepts 

3HaeM, l.fTO Hiii 0 KBKOM yc11111eHllllll BXOAHOro ClllrHana Ha caMOM Ae11e pal.fl/I 6b1Tb He MO>KeT, 

a lllMeeT M0CTO npo1...1ecc ynpaB119HlllSI 3HepreTllll.f0CKlllM nOTOKOM lllCTOl.fHlllKa n111TaHlllSI. 
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YpoK 2. <POPMMPOBAHME A LJX 
CBR3AHHblX CMCTEM 

Ha npeAblAY~eM 3aHSfflr11r1 Mbl OAH03Ha"IHO ycTaHOB1r1111r1, "ITO OAlr1HO"IHbliii Ko11e6a

TeJ1bHb1iii KOHTYP mo6oiii A06pOTHOCTlll B nplr1Hll,lllne He B COCTOSIHlr11r1 o6ecne"llllTb MaJ10-

MaJ1bCKlr1 YAOBJ1eTBOplr1TeJ1bHYIO lr136111paTeJ1bHOCTb B OTHOW0Hllllr1 ABYX coceAHlr1X CTaH

ll,lr1iii (Bblwe 1r1 Hlr1>Ke np1r1H1r1MaeMoiii) np1r1 Tpe6yeMoiii AJlSI PaAlr10Be~aH1r1S1 nonoce npo

nycKaH111si B 9 Kru, Ill HepaBHOMepHOCTlr1 ALfX B npeAenax 3TOiii nOJ10Cbl XOTSI 6bl nOPSIAKa 

2 ... 3A6. 
0AHOBpeMeHHO Mbl y6eAlllJ11r1Cb, "ITO B 3Ha"llr1TeJ1bHOiii Mepe c 3TOiii 3aAa"leiii MO>KeT 

cnpaBlllTbCSI AByxKOHTYPHbliii nOJ10COBOiii <l>lr1J1bTp c He3aBlllClllMb1Mlr1 (1>111111 TO"IHee - cna-

6o3aBlllClr1MblMlll) OAlr1HO"IHblMlll KOHTYpaMlll, Hacn>a111BaeMblMlll Ha ABe 6J11113Klr1e, HO pa3-

Hble "laCTOTbl. nonY"latO~SICSI B 3TOM CJ1y"lae cyMMapHasi ALfX B OTJ11/l"llr1e OT OAHOrop6oiii 

Kp111Boiii OAlllHO"IHoro KOHTYPa cTaHoB1r1Tcsi AByrop6oiii, a np1r1 npaB1r1J1bHOM Bb16ope A06-

poTHOCTlil Ka>KAOiii 1113 KaTYWeK, onrnMaJ1bHOiii CBSl3111 Me>KAY HlllMlll lr1 onpeAeneHHOM 

«pa3HOCe>I "laCTOT lllX H8CTpOiiiKlll AByrop6asi Kp111BaS1 MO>KeT npeBpaTlllTbCSI B «nJ10CKO

ropbe», T. e. B HeKOTopoiii nonoce "laCTOT (Ha3blBaeMoiii nonocoiii nponycKaH111S1 lll11111 no

nocoiii npo3p8"1HOCTl/l <l>111J1bTpa) Me>KAy ABYMSI rop6aMl/l OKIDKeTCSI COBC~M lllJ11r1 nO"ITlil 

COBCeM nnOCKlr1iii y"laCTOK, "ITO COOTBeTCTByeT BeCbMa H03Ha"llllT0J1bHOiii HepaBHOMep

HOCTlil ALfX BHYTPlr1 no11ocb1 nponycKaHlr1SI. 

BnpO"leM, OA1r1H nonOCOBOiii <l>111J1bTp, AIDK0 O"leHb rpaMOTHO CKOHCTpy1r1poeaHHbliii, 

MO>KeT o6ecne"llllTb lr136111paTeJ1bHOCTb OT COCeAHlllX CTaHU,lr1iii, AMeKO He OTBe"latO~ytO 
COBpeMeHHblM Tpe6oeaHlr1SIM rocT Ha PaAlllOBe~TeJ1bHble np111eMHlllKlll. 

Ho Aa>Ke He 3TO caMoe maBHOe. rnaeHoe COCTOlllT B TOM, "ITO np1r1 lr1CnOJ1b30BaHlr1111 

nonocoeoro <l>lllJ1bTpa B Ka"l0CTBe BXOAHOro ycTpoiiiCTBa B03Hlr1K8eT He06XOAlr1MOCTb OA

HoepeMeHHOVl nepecTpOAKlll 060111x ero KOHTYPOB BO BCeM Alr1Bna30He nplr1Hlr1MaeMblX 

"laCTOT. A 3TO B CBOIO O"lepeAb Tpe6yeT np1r1MeHeHlr1SI B K8"10CTB0 opraHa HaCTPOVlKlr1 

He OAlllHO"IHOro, a CABOeHHOrO KOHAeHCBTOpa nepeMeHHOiii eMKOCTlr1. 

Mano Toro, Aa>Ke Ill B 3TOM CJ1Y"tae OKa3blBaeTCSI, "ITO lllAeaJ1bHSSI HSCTpoiiiKa nonoco

BOro <1>1r111bTpa, 06ecne"l1r1eat0~S1 Clr1MMeTp1r1t0 ALfX BHYTPlr1 no11ocb1 nponycKaH1r1S1, B03-

MO>KHa TOJ1bKO B HeKOTOpoVI OAHOiii TO"IKe WKanbl, nOCKOJ1bKY o6e KBTYWKlll <l>lr1J1bTpa 1113-

HBYaJlbHO HaCTpOeHbl Ha pa3Hbl0 "laCTOTbl lr1 np111 nepecTpOVIKe nepeMeHHblM KOHAeHca

TOPOM, o6e ceKU,lr1111 KOToporo lr1MetOT OAlr1HaKOBytO eMKOCTb, 3Ta Clr1MM0TPlllSI He111a6e>KHO 

6yAeT HapywaTbCSI, CBOASI Ha HeT maBHble AOCTOlllHCTBa nonOCOBOro <l>lllJ1bTpa. 

VIMeHHO nosToMy - 1113-3a HeB03MO>KHOCTlil 06ecne"l111Tb xopowyt0 1r1361r1paTeJ1bHOCTb 

np1r1eMHlr1Ka no COC0AH1r1M KaHanaM npOCTble npllleMHlr1Klll npsiMoro yc11111eHlr1SI He nony"llll

J11r1 pa3BlllTlllSI AaJ1bW0 CXeMbl 2-V-2. 
PeweH111e sToiii 3aAa"llr1 OKB3MOCb B03MO>KHblM nocne 1r1306peTeH1r1S1 cynepreTepo

AlllHHoro MeTOAS np1r1eMa, c KOTOpblM Mbl n03HaKOMlr1MCSI n03>Ke. A noKa "ITO 3ai.:iMeMCSI 

aHanlr130M pa60Tb1 paa111r1"1Hb1x peaoHaHCHblX c111CTeM, He yBS13b1BaS1 1r1x c peanbHb1M1r1 yc-

11oe1r1siM1r1, 1r1Met0L1.W1Mlr1CSI B Tex lr1J11r1 lr1HblX np1r1eMHlllKax. 

3TOT aHaJ11113 He11136e)KHO H8BOA1r1T Ha AOBOJ1bHO npOCTYIO Mb!Cllb: ec11111 ABB CBSl38H

HblX KOHTypa no lr136111paTeJ1bHOCTVI Ill HepaBHOMepHOCTVI ALfX ny"lwe, "leM 0Alr1H, TO, 

MO>KeT 6b1Tb, TPlll CBSl3aHHblX KOHTYPB OKB)KYTCSI J1Y"IW0, "leM ABB, a "leTblpe e~e J1Y"IW0, 

"10M Tplll? no"leMy 6bl Ill HeT? 

0Ka3bJBaeTCSI, "ITO 3Ta npocTaSI MblCJ1b BOBCe He J1111WeHa OCHOBaHlllSI. 6onee Toro, 

OHa nema B OCHOBy C03A8HlllSI MHOr03BeHHblX pe30HaHCHblX Clr1CTeM, nOJ1Y"tlllBWlllX 06-

~ee Ha3BaHllle <l>lllJ1bTPbl COCP0AOT0"10HHOJ/t C0J10Kll,lr11r1 (COKpa~eHHO - ct>CC), a e~e 
no3>Ke - K nosiB11eH111t0 TB0PAOT0J1bHblX nbe30KepaM111"lecK1r1x, KBapu,eBblX 111 psiAa APYrlllX 

<l>lllJ1bTPOB, B KOTOpblX HanepeA 3aASHHSSI <l>OpMa ALfX Ha C8Mb10 pa3J1111"1Hbl0 "laCTOTbl 
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(OT coTeH Kr4 AO AeCffTKOB Mr4) 111 no11oca nponycKaH111ff 06ecne"1111sa11111cb 6e3 111c

no11b30saH111ff KaTYW9K lllHAYKTlllBHOCTlll Ill, KaK CJ19ACTBllle, 6e3 He06XOAlllMOCTlll I/IX Ha

CTpOlllKlll. 

PaccM0Tp111M sH111MaTe11bHO p111c. 10. Ha HeM 111306pa)l(eHb1 Tpex3seHHblVI (c11eea) 111 

"leTb1pex3eeHHb11il (cnpaea) ct>11111bTpb1 cocpeAOTO"leHHOVI ce11e1<4111111 Ha OAlllHO"IHblX pe30-

HaHCHb1x KOHTYPax OTHOClllT9JlbHO BblCOKOi'I A06pOTHOCTlll. Ka)l(Abli'l lllX HlllX HaCTpa111eaeT

Cff Ha CBOIO co6CTBeHHYIO "laCTOTY, Jl9)f(al.J..\YIO B npeAe11ax nOJIOCbl npospa"IHOCTVI ecero 

ct>11111bTpa. Ceff3b Me)l(Ay OTASJ1bHb1M111 KOHTYPaM111 - eMKOcTHaff, AOCTaTO"IHO c11a6aff, 

"IT06b1 111cKJ1t0lf111Tb c11111bHOe esa111MHoe e11111ffH111e HacTpoeK OAHoro KOHTYPa Ha APYroVI. 

TaM )1(9 np111eeAeHbl cyMMapHble "laCTOTHb1e xapaKTep111crnK111 060111x <t>CC. 

P111c. 1 o. np111H1.4111n111anbHble CX9Mbl Tpex- Iii "19TblpexaeeHHOro CbCC Iii lllX AYX 

CpaeH111eaff srn ABe cxeMbt 111 111x ALfX c ALfX o6bl'lHoro no11ocoeoro q,11111bTpa Ha 

p111c. 4 (c. 18), 11erKo saMeTlllTb, 'lTO y no11ocoeoro ct>11111bTpa Ha KOHTYpax c Hlll3KOi71 

A06pOTHOCTblO np111 3aAaHHOlll no11oce nponycKaHlllff (f2 - f,) 111s-sa no11or111x crnoHos Hlll

KYAa He rOAVITCff 111.s6111paTeJlbHOCTb OT COC9AHlllX CTaH411111t, a np111 KOHTYpax c BblCOKOlll 

A06pOTHOCTblO np111 YAOBl19TBOPlllT9JlbHOlll 11136111paTeJ1bHOCTlll H9AOnyCTVIMO Cy)l(aeTCff 

no11oca nponycKaHlllff. 

B TpexKOHTYPHOM <t>CC np111 np111MeHeHllllll BblCOKOA06pOTHblX KOHTYPOB y)l(e OKa3bl

eaeTCff B03M0)1(HblM COBM9CTlllTb xopowyio 11136111paTellbHOCTb c 3aAaHHOlll no11ocollt 

nponycKaHlllff np111 eeCbMa MaJIOM 3Ha"leH111111 HepaeHOMepHOCTlll BHYTPlll no11ocb1 npo

nyet:aHlllSi. A "19TblpexKOHTYPHblllt <t>CC no STlllM noKa3aT9JlffM B0061.J..\e np1116J11~)1(aeTCff 
K VIAeaJlbHOlll n-o6pa3HOlll ALfX. 

Anff 06ecneYeH111ff xopowei'I «npffMOyro11bHOCTlll» ALfX A06poTHOCTb K&)l(AOro OT

AeJlbHoro pesoHaHCHoro KOHTYPa AOJl)l(Ha 6b1Tb eecbMa BblCOKOVI. Ha npaKTVIKe e pa

AVIOBel.J..\aTeJJbHblX np111eMH111Kax OHa AOcrnraeT een111YV1Hb1 Q = 200, a All>! 06ecneYeH111>1 

Ha11111yYwero comacoeaHlllff <t>CC c npeAblAYl.J..\VIM Ill noc11eAYIOLI..\lllM yYaCTKaMVI CX9Mbl Ill 

CHVl)l(9HlllSl noTepb ABa KpalltH1119 KOHTYPa OTJllil"lalOTCff OT OCTaJlbHblX BABOe 60,'1bW9Vl VIH

AYKTVIBHOCTblO Ill COOTB9TCTBeHHO BABOe M9HbW9111 9MKOCTblO. KpoMe Toro, B TpaH3111C-
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TOPHblX np111eMHll1Kax A11Sl yMeHbWeHll1Sl WYHTll1PYIOl.J..\ero B11111SlHlllSl cxeMbl lllCn011b3YIOT 

YaCTLll'·IHOe (aBTOTpaHccj>opMaTOpHoe) nOAK1110YeH111e BXOAHOro 111 BblXOAHOro KOHTypoe 

Cl>CC. 
noABOASl lllTOr CKa3aHHOMy, MO)l(HO YTBep)l(AaTb, YTO 3aAaYa 06ecneYeHll1Sl BblCOKOii! 

11136111paTellbHOCTll1 no coceAH111M KaHaJlaM np111 npaKTlllYeCKll1 11I060iil HanepeA 3aAaHHOiil 

no11oce nponycKaHll1Sl Ill YAOB11eTBOPlllTe11bHOiil HepaBHOMepHOCTlll A'-IX B npeAe11ax STOiil 

n0110Cbl cpaBHll1Te11bHO 11erKO pewaeTCSl nyTeM nplllMeHeHlllSl no110COBblX cj>ll111bTpOB Ill 

MHOr03BeHHblX Cl>CC. 
Ho BOT 6eAa: pew111e STY 3aAaYY, Mbl HlllCK011bKO He np111611111311111111Cb K u,e11111, KOTOPYIO 

1113HaYa11bHO nepeA co6oiil nocTae11111111. A u,e11b y Hae 6b111a oYeHb sicHasi: 1113 orpoMHoro 

Ko11111YecTea PM111ocrnHu,111iil, unp111HRTblX» aHTeHHOiil, Bb1Ae11111Tb 111 nponycTlllTb e np111eM

Hll1K OAHY-eAlllHCTBeHHYIO «Hawy» CTaHU,111!0 Ill OTCeRTb ece OCTallbHble, np111YeM B nepeylO 

OYepeAb lllMeHHO ABe COCeAHllle, caMble 6111113Kllle. 

l-1 np111 STOM o6ecneYlllTb STY cj>yHKU,llllO He Ha OAHOiil KaKoiil-TO cj>lllKClllPOBaHHOiil yac

TOTe, a Ha ecex YaCTOTaX, npll1HlllMaeMblX npllleMHlllKOM, Aa K TOMy )Ke el.J..\e Ill He Ha OA

HOM, a Ha HeCK011bKll1X All1ana30Hax. A AJlSl STOrO pe30HaHcHaR ClllCTeMa A011)1(Ha 6b1Tb 

nepecTpa111eaeMoiil Ha 11io6yio YaCTOTY e npeAe11ax Alllana3oHa np111H111MaeMb1x eo11H. 

0AHaKo Mbl ~e e111Ae11111, YTO Aa>Ke e c11yYae 111cno11b30BaH111si caMoro npocToro no110-

coeoro cj>lllllbTpa AJlSl STOro H~eH KaK MlllHlllMYM CABOeHHbliil KOHAeHcaTOp nepeMeHHOiil 

eMKOCTlil. Aris; TpeX3BeHHOro Cl>CC TaKOiil KOHAeHcaTOp A011>KeH 6b1Tb Y>i<e TpexceKU,lllOH

HblM, a AJlSl YeTblpex3BeHHOro - YeTblpexceKU,lllOHHblM. Ho Aa>Ke Ill B STOM c11yyae lllAe

a11bHOe comacoeaHllle HaCTpoeK KOHTYPOB, BXOARLI..\lllX B <t>CC, 6yAeT o6ecneYlllBaTbCSl 

T011bKO B OAHOM no11o>KeHll1lll pOTOPOB 6110Ka nepeMeHHblX KOHAeHcaTopoe, a 11106b1e 

Apyrne ero no11o>KeH111R 6YAYT np111BOAlllTb K paccomacoeaH11110, KOTOpoe e AByx KpaiilHlllX 

no11o>KeHlllSlX KOHAeHCaTOpa AOCTlilrHeT coeepweHHO HeAOnyCTlllMblX 3HaYeHllliil. 

HaM OCTaeTCSl T011bKO nplll3HaTb, YTO B npllleMHlllKaX nps:tMOro yc11111eHlllSl Hawa u,e11b 

OCTaeTCSl HeOCYLI..\eCTBll1MOiil. l'1HblMlll C110BaMlll, HlllKaKaR npaKT111YecKaR pe30HaHCHaR Clll

CTeMa, 6YAYYlll yCTaHOB11eHHOiil Ha BXOAe np111eMHlllKa nps:tMoro yc11111eHlllSl, He MO)l(eT 

o6ecneYll1Tb xopowylO 11136111paTellbHOCTb no COCeAHeMy KaHa11y. 

6011ee Toro, Aa>Ke B cynepreTePOA111HHblX np111eMHlllKax STO OKa3blBaeTCSl HeB03MO>K

HO. l-1 nosTOMY 3aAaYY ¢opM111poeaH111si A'-IX ecero PMlllOTpaKTa en110Tb AO AeTeKTopa 

«OT06pa11111» y BXOAHblX u,eneiil Ill nepeAa11111 cneU,lllaJlbHOMy, HOBOMY cj>yHKU,lllOHallbHOMy 

y311y, KOTOporo B np111eMH111Kax np>1Moro yc11111eHlllSl He 6bl110. 

STOT cj>yHKU,1110Ha11bHbliil y3e11 Ha3blBaeTCSl TpaKTOM npoMe>KYTOYHOiil YaCTOTbl Ill BKJllO

YaeT B ce6>1, KaK npae111110, HeCK011bKO KaCKaAOB yc11111eHlllSl npoMe>KYTOYHOiil YaCTOTbl 

(Yn'-1) Ha paA111011aMnax, TpaH3111CTopax 11111111 MillKpocxeMax, 06ecneY111Bat01.J..\ll1X yc11111eH111e 

np111HsiToro c111rna11a AO ypoeHsi, Tpe6yeMoro A11R scj>cj>eKTlllBHOiil pa60Tb1 AeTeKrnpa, 

Ha6op pe30HaHCHblX KOHTYPOB 11111111 TBePAOTellbHblX cj>ll111bTPOB, 06ecneY111BalOLI..\lllX ¢op

M111poeaH111e HanepeA 3aAaHHOili cj>OpMbl A'-IX B COOTBeTCTBll1111 C Tpe60BaHlllSlMlll rOCT, 
a rnK>Ke PRA aeT0MarnyecK111x perym1poeoK, 06ecneY111Bat01.J..\lllX coxpaHeH111e cTa611111bHO

crn OCHOBHblX «nOTpe6111T011bCKll1X» noKa3aTe11eiil np111 nepecTpOiliKe np111eMHlllKa c OAHOiil 

crnHu,111111 Ha Apyryio. 

060 BCeM STOM Mbl 6yAeM nOAP06HO roeoplllTb Ha OAHOM 1113 ClleAYIOLI..\lllX 3aHRTllliil, 

noCBSll.J..\eHHblX 3HaKOMCTBY c cynepreTepOAlllHHblM MeTOAOM np111eMa paAll10Cll1rH8110B. 

'-ITO )Ke KacaeTCSl BXOAHO!li u,en111 np111eMHll1Ka, TO B Heiil KaK Ill npe)l(Ae OCTa11CSl TaK H83~1-

eaeMbliil BXOAHOlll nepecTpa111eaeMbli;1 KOHTyp, HaCTpa111BalOLI..\llliilCR np111 epal.J..\eHll1111 OClll 

nepeMeHHOro KOHA0HCaTOpa B pe30HaHC Ha YaCTOTy npll1HlllMaeMoiil. CTaHU,111111, OAHaKO 

Tenepb OT Hero nepeCTa11111 Tpe6oeaTb BblCOKYIO 11136111paTellbHOCTb, paBHOMepHOCTb 

A'-IX, «orpaHll1YlllB» ero 3aAaYeili npeABap111Te11bHOVI ceneKu,111111, T. e. «Bb111ae11111eaH111eM» 

c111rHa11a np111H111MaeMOili CTaHU,111111 1113 CMec111 ClllrHaJlOB, npll1HSlTblX aHT8HHOiil. 

BOT Ha STOM Mbl, nO)l(811yili, cerOAHSl Ill OCTaHOBlllMCSl. 
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KoHTpO/IbHbie BonpocbI 
1. KaKHe HOBble B03MO)l(H0CT/11 naMnbl OTKPblBa/OTCfl npH BB0,q8HH/11 B ee 

t<OHCTPYKL{/11/0 .o.ononHHTenbHOro aneKTpo.o.a - ynpasnfl/Of.L(8H CeTK/lf? 

2. Dfl/11)1(8 K KBKOMY /113 aneKTpo,tJ,OB - aHQlly Hnff KBTO.O.Y pacnonaraercff 

ynpaBnfl/Of.L(Bfl CBTKa ,,., nOLfeMy? 

3. KaK KOnHLfeCTBBHHO CBff3BHbl MB.>KAY co6otii CTeneHb Bl1HRHHR Ha 

aHOP,Hblff TOK ceTK/11,,, aHOP,a,,, HX paccTORHHfl OT KBTo,tJ,a? 

4. "ITO TaKoe npOHHL{aeMOCTb pap,HonaMnbl, B KBKHX eP,HH/111.{BX OHa 

Bblpa)l(aeTCfl ,,, KaK 3TOT napaMeTp CBR3aH c nOHRTHeM K03</J</JHL{HeH

Ta ycvmeHHR naMnbl? 

5. KaKos </JH3/lfLf8Ct<Hlif CMblcn TaKoro napaMeTpa, KaK KPYTH3Ha xapaK

repHCTHKH, 3BBHCHT nH OH OT aneKTpH'l8CKOro pe)l(HMa CX8Mbl ,,, B Ka

KHX npaKTHLfBCKHX 0,qHHHL{ax npHB(),D,HTCR B cnpaBO'IHOH nHTeparype? 

6. HanHWHTe OCHOBHOB ypaBH6HHe naMnosoro TPHOP,a - </JOpMyny 

5apKrayseHa. 

7. KpyrH3Ha xapaKTepHCTHKH HeKoero TpHo.o.a - 5 MA/B, CTaTlll'tlecKHlif 

KOS</J</JH1.4HeHT ycHneHHR - 50. Onpe.o.enHTe senHLfHHY ero BHyrpeH

Hero conpoTHBneHHR. 

8. "ITO TaKoe BHyrpeHHee conpOTHBn8HHe naMnbl ,,, KBK OHO BblrnflP,HT? 

Pa6oqee 
MeCTO 

B npeAblAY~eVi, nepeoVi KHlilre, e 3TOM pa3Aene Mbl nocTeneHHO, war 3a waroM 
cTp01i111111 Hawe pa6o<iee MeCTO, o60PYAY~ ero pa3Hb1Mlil caMOAeilbHblMlil nplilcnoco611e
Hlil~M111: eMKOCT~Mlil AJl~ xpaH0Hlil~ pa3J1W·IHblX A0TaneVi Iii CTaHAaPTHOro Kpene>Ka, nOA

CTaBKaMlil AJl~ na~JlbHlilKOB, HaMOTO'lHblM CTaHKOM, Mara31i1HOM conporns11eH111Vi Iii T. n. 
np111 3TOM nonyTHO HaM nplilX0AlilJ10Cb OCBalilBaTb P~A cnei.tlllaJlbHblX TeXHOJ10rlll'l0CKlilX 

npoi.teccoe: ceep11eH111e 111 pe3KY MeTannoe Iii nnacTMacc, TpaeneH111e cpo11brnpbeaHHb1X 
MaTeplilanoe 111 HaHeceHlile p111cyHKOB ne<iaTHoro MOHTa>Ka, naViKy npoBOAOB 111 e1;>1BOAOB 

AeTaneVi, HaMOTKY KaryweK Iii AP· 
npaKTlil'l0CKlile HaBblKlll np111 BblnOJ1HeHlillll BCeX 3TlllX T0XHOJ10rlll'leCKlllX onep·a41i1Vi TaK 

>Ke >Klll3HeHHO Heo6xOAlilMbl 111060My P0Alil011106111Te1110, KaK 3HaH111e rnoplillil paA'lllOTex

HlllKlil. 6ea Kea111i1<Plil1.t111poeaHHOro yMeHlil~ ceep111i1Tb, na~Tb, peaaTb, HaMaTb1BaTb P0Alil0-
11io6111Te11eM CTaTb npocTO Hellb3~. n03TOMy Ill B 3TOVi, BTOpoVi KHlilre, Mbl o6~3aT011bHO 

6yAeM 3HaKOMlilTb <i111TaTe11eVi c APYrlilMlil, He MeHee ea>1<Hb1M111 onepai.tlil~Mlil: CKJ1e111eaH111-

eM, ceapKOVi, rpaBlilPOBKOVi, pa60TOVi co CT0KJ10M Ill A0P0BOM Iii T. n. 
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6onbWlllHCTBO 11!3 3Tll!X pa6oT OKIDKeTCSI TaK ll!nll! lllHa"le CBSl3aHO c 06opyAOBaH111eM 

pa60L1ero MecTa, nosTOMY 111x on111caH111e 6yAeT np111BOAlllTbCS1 e pa3Ae11e «Pa60L1ee Mec

TO», a pa3Aen .. npaKTlllKa» Mbl OCTaBlllM AllSI pa60Tbl c KOHCTPYK~lllSIMlll, 1113rOTOBneH

HblMlll caMOCTOSITenbHO, co6CTBeHHb1M111 pyKaMlll,- np111eMH111KaM111, yc11111111Te11siM111 111 T. n. 

TaKoe nocTpoeH111e oKa>KeTcsi Ha1116onee pa~1110HanbHblM 1.1 YA06HblM no Mepe yc110>1<He

HlllS1 ocea111eaeMoro MaTep111ana. 

CerOAHSIWHee 3aHS1T1.1e Mbl nocesiTll!M OAHO~ 11!3 Ha1.16011ee "lacTo ecTpeL1aio~1.1xcsi 
e paA111011io61.1TenbcKo~ npaKT1.1Ke pa6oT - cK11e1.1eaH1.110. 

PaA1.1onio6111Tenio "la~e ecero np1.1XOAll!TCS1 cK11e1.1eaTb nnaCTMaCCbl c nnaCTMaccaM111, 

n11aCTMaCCbl c MeTannaMll!, nnaCTMaCCbl co CT0KJIOM, MeTannbl co CT0KJIOM, oprCT0KJIO 

(n11eKc111mac) c n11eKc111macoM, nneKc1.1rnac c MeTannoM, MeTan11 c MeTan110M, Aepeeo 

c A0P0BOM, KapTOHOM, KO)l(e~. TKaHSIMlll, KO>KY c MeTannaMll!, pe3111HY c M0TannaMll! Ill 
nnaCTMaccaMlll. l'1BK~OM11!3 3Tll!X cny...aee Tpe6ylOTCSI CBOll! OC06ble K110111 II! pa3Hbl0 

T0XHOnOrlllll! CK11011!BaHll!SI. 

CeroAHst cy~ecTBYIOT COTHll! caMblX pa3Hoo6pa3HblX K11eee, K11esi~111x naCT 111 MaCTll!K, 

np111rOAHb1x Ha ace c11y ... a1.1 )1(1113Hll!. OrpaHll!"lll!Mcsi paccM0TpeH1.1eM HecK011bKlllX Ha1.160-

nee pacnpocTpaHeHHblX e 11io6111Te11bCKoi,:t npaKTll!Ke Bll!AOB. Ho eHaL1a11e o HeKOTOpb1x 

npae1.111ax, 06~111x 111 o6si3aTenbHblX np1.1 pa6oTe c 11I06b1Mll! K11eS1Mll!. 

CaMoe nepeoe npae1.1110 macITT: KalfeCTBo M H&AelKHOCTb KJ1eeaoro coeAHHeHHR 
Ha 90% 38BHCSIT OT TUUITenbHOCTH npeAB&PHT&nbHOi oc;pac;oTKH H nOArOTOBKH 
cKJ1eHaaeMwx noaepXHocTei. 

3TO npae1.1no HaAO 3anoMHll!Tb II! HeyKOCHll!T01lbHO Bbln011HSITb BO ecex 6e3 ll!CKJllO"le

HlllSI cny"lasix, 0C1111! He XO"leWb, "IT06bt CK11e0HHbte A0Tanll! "lepe3 H0KOTOpoe epeMSI pa3-

ean11111111Cb. npae11111a 3Tll! He C1111!WKOM C110>KHble II! TPYA00MKll!0 11! COCTOSIT B C11eAYIO~eM: 

1. Bcsi noeepxHOCTb 06e1.1x AeTane~ e MecTe cK11e1.1eaHll!S1 A011)1(Ha 6b1Tb caMblM T~a
TenbHei,:tw111M o6pa30M O"llll~eHa OT 1ll06b1X cneAOB KpaCKll!, 11aKa, p>KaB"lll!Hbl, >Kll!pa, 

OKlllCHOi,:t nneHKll!, noc11e "lero He MeHee T~T011bHO npOMblTa paCTBOPOM CTlllpanbHOro 

nopowKa, O"llll~eHa OT C11eAOB nopowKa B npOTO"IHO~ BOA0 II! BbtcyweHa AO no11Horo 

yAaneH1.1si cneAOB e11ar111. Ansi o6e3>1<111p1.1eaHll!S1 cK11e1.1eaeMblX noeepxHocTe~ 11y"lwe ece

ro no11b30eaTbcsi "lll!CTblM ae1.1a~1.10HHblM 6eH311!HOM MapKll! «670» 1.1111.1 .. ranowa». C11eAbl 

p>KaB"lll!Hbl, OKll!CHaSI nneHKa 1111111! OKClllAHOe noKpblTllle YAanSllOTCSI MexaHll!"leCKlll, nYTeM 

COCKa6n1.1eaHlllSI OCTPblM HO>KOM, wa6epoM lllnll! Me11K030PHlllCToi,:t HIDl(Aa"IHO~ 6yMaro~. 
Mac11siHasi KpacKa 1.1 naK111 YAanS110Tcsi 6eH311!HOM, a Hll!TPOKpacK1.1 - "lll!CTblM a~eTOHOM. 

2. Ansi nOBblWeHlllSI npO"IHOCTlll Klleeeoro COeAlllH0Hll!SI lllAeanbHO maAKlllX noeepxHO

CTe~ (non1.1poeaHHbl~ MeTa1111, oprcTeKllo), a TaK>Ke Aepeea 1.1 KapTOHa cK11e111eaeMb1e 

Mecrn HaAO npeAeap1.1TenbHO «3awepoxoeaT111Tb», o6pa6orne 1.1x pawn1.1J1eM, HaAQ>111-

11eM, a6pa311!BHO~ WKYPKO~ - e 3ae1.1c111MocT111 OT MaTep111ana. CK11e1.1eaeMb1e noeepxHo

CTlll 11!3 non111CTll!po11a 3a 10-15 Mll!HYT AO CKllell!BaHll!SI >1<e11aTe1lbHO noAroTOBlllTb, CMO"lll!B 
ll!X npll! nOMO~ll! KlllCTO"IKlll "llllCTblM a~eTOHOM. 

3. CK11e1.1eaeMb1e noeepxHOCTll! AO HaHeceH111S1 Kllesi AOn>KHbl 6b1Tb no B03MO>KHOCTlll 

MaKClllMa11bHO «np111rHaHbl» APYr K Apyry, "IT06b1 Me>KAy HlllMll! 6bl110 KaK MO>KHO MeHbWe 

6yropKOB Ill BnaAll!H, yMeHbWalO~ll!X n01103HYIO nnO~aAb conp11KOCHOB0HlllSI. 

4. np111 nl06blX Bll!AaX CK110111BaHlllSI KJlej.:t A011>K0H HaHOClllTbCSI npeAenbHO TOHKlllM II! 

paeHOMepHblM c11oeM. HY>KHO 3anoMHlllTb pa3 1.1 HaecerAa, "ITO t5i:.tTY10~ee MHeH1.1e «"leM 
6011bWe K110SI, TeM 11Y"IWe», OWll!60"IHO. 

5. HlllKOrAa H0nb3SI cnew111Tb npoeepSITb npO"IHOCTb Klleeeoro Q00All!HeHlllSI - CKlle

eHHble noeepxHOCTll! 11y...we ecero «OCTaBll!Tb e noKoe» no Kpai,:tHe~ Mepe Ha CYTKll!, Aa>l<e 
ec111.1 K11011! Ha3b1Ba0TCSI «MOMeHT». 

6. Heo6XOAlllMO CTporo Ill HeyKOCHll!TenbHO co6nlOAaTb ace peKOMeHAa~llllll no Tex

H0110rlllll! npll!MeHeHll!SI Toro 11!1111! lllHOrO KlleSI, KOTOpble, KaK npaBl.1110, np111BOASITCSI B lllH

CTPYK~ll!SIX K Hll!M. 
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A Tenepb 0 caMVIX KJleRx, KOTOpble AellRTCR Ha ABe rpynnbl: CTaHAapTHble KJleVI npo

MblWJleHHOro Vl3roTOB11eHVIR VI KJleVI caMOCTORTeJlbHOrO, «AOMawHero» npVlroTOBlleHVIR. 

CHa'la11a 0 CTaHAapTHblX KJleRx, KOTOPble MO>KHO npV106pecrn B Toproeoi'.1 cern VI Ha 

pblHKax CTpOi1MaTepV1a11oe. 

Knei «nBA» (nOJ1VIBVIHV1Jla1.4eTaTHbli'.1). 0TJ1Vl'lHO CKJleVleaeT Aepeeo, KaPTOH, CTeKJlO, 

KO>Ky, TKaHb B 111060M CO'leTaHVIVI. Ha o6e3)1(VlpeHHble noeepxHOCTlr1 KJlei'.1 HaHOCRT poe

HblM TOHKVIM cnoeM, cpaay >Ke COeAVIHRIOT VIX VI nnOTHO C>KVIMalOT CTpy61.4V1HOili, B TVICKaX 

VlllVI nOA AOCTaTO"IHO TR>KeJlblM rpyaoM. l'1 XOTR C'lVITaeTCR, "ITO KJlei'.1 «CXBaTblBaeT» 

~e 'lepea 20-30 MVIHYT, nyr.iwe OCTaBVITb AeTallb B TVICKax AO nonHoro BblCblXaHVIR KJleR 

(Ha CYTKVI). 

KneH cc&CZ,-21> H cc6Cl»-4». 06a KJleR np0AHa3Ha'leHbl AJ1R CKJleVIBaHVIR MeTannOB, 

nnaCTMacc, Aepeea, CTeKJla, KepaMVIKVI, KO>KVI VI pa3J1Vl"lalOTCR B OCHOBHOM ycnOBVIRMVI 

3KCn11yaTa1.4V1V1 KJleeHHblX COeAVIHeHVlili. «6<1>-2» npVIMeHRIOT, KOrAS Tpe6yeTCR BblCOKaR 

enaro- VI TennocToi1KOCTb 1<J1eeeoro wea, «6<1>-4» 06ecneYV1eaeT HeKoTopyio anaCTVlr.i

HOCTb VI BblCOKYIO MOp030CTOi1KOCTb COeAVIHeHVIR. 

npVI V1cno11baoeaHV1V1 060V1x KJleee oco6yio aHa'lVIMOCTb npV106peTaeT Tl1.\8TenbHOCTb 

noArOHKVI AeTanei'.1 APYr K Apyry. MaKCVIMaJlbHbli'.1 aaaop Me>KAY HVIMVI no eceM noeepx

Hocrn He A011>KeH npeBblW8Tb 0,05 MM. 

TeXHOJ10rlr1R CKJleVIBaHVIR COCTOVIT B C11eAYIOll.\0M: Ha Tll,\aTe11bHO noArOTOBJleHHble VI 

o6e3>KVlpeHHbl0 noeepXHOCTVI KVICTO'lKOl'.1 HaHOCRT TOHKVll'.1 npeABSPVITeJlbHbli'.1 «rpyHTO

BO'lHblili» cnoili KJleR, KOTOpbli'.1 cywaT npVIMepHO "ISC HS B03Ayxe VlllVI 15-20 MVIHYT npVI 

TeMnepaTYpe 85 ... 95 °C. nocne OCTblBSHVIR AeTanei/i AO KOMHSTHOl'.1 TeMnepaTYpbl Ha 

CKJ1eV1eaeMble noeepXHOCTVI HSHOCRT BTOpoi'.1 TOHKVll'.1 - «pa60'lVli1» - cnoili KJleR, A810T 

eMy cnerKa nOACOXHYTb, nocne Yero AeTanVI npVl>KVIMalOT APYr K Apyry, He AOnyCKSR 

VIX CABVlrS, 38>KVIMSIOT B CTpy61.4V1HY VI noMel1.\8IOT B TepMOCTST lr111VI AyxOBKy npVI TeMne

paTYpe 120 ... 150 °C Ha 2 Yscs. 

EC11VI CKJ1eV1eaeMbl0 A0Ta11VI He AOnyCKSIOT HSrpees AO TaKVIX TeMnepaTYP. cywKa 

AOJ1)1(Ha npOAOJ1>KaTbCR He MeHee AByx CYTOK, OAHaKO B 3TOM cnyr.iae npO'lHOCTb COeAVl

HeHVIR 6yAeT Cyll,\eCTBeHHO HVl>K0, 'leM npVI HarpeeaHVIVI. 

noMVIMO 3TVIX AByx Knees Cyll,\eCTByeT ell,\e KJlei'.1 cc6Cl»-6», npeAHa3Ha'leHHbli'.1 B OC

HOBHOM AJ1R c1<J1eV1eaHV1R TKaHei'.1. B PaAV1011106V1TenbcKoili npaKTV1Ke OH VlcnonbayeTcR, 

KaK npaBVIJlO, AJ1R npV11<J1eV1BaHV1R PaAVIOTKaHVI K nepeAHei'.1 AOCKe aKyCTVl'leCKVIX CVICTeM. 

nonb30BSTbCR VIM cneAyeT B COOTBeTCTBVIVI c peKOMeHASL4Vleili Ha caMOM TI06VIKe. 

Knei «YHHKYM» npeKpaCHO C00Alr1HReT AeTallVI Vl3 Aepeea, MeTanna, pe3VIHbl, Kepa

MVIKVI, nnaCTMaCCbl B pa311Vl'lHblX CO'leTaHVIRX. c ero nOMOll.\blO MO>KHO HaAe>KHO npVIKJ1e

VIB8Tb paanVlr.iHble PaAVIOAeTanVI K waccVI annapaTa VlnVI APYr K Apyry. Ha npeAeapV1-

Te11bHO o6e3)1(VlpeHHble s1.4eTOHOM VlllVI 6eH3VIHOM noeepxHOCTVI HaHOCRT TOHKVll'.1 cnoi'.1 

KJleR, Yepea ABe-TpVI MVltiYTbl noeepx nepeoro cnosi - BTopoili cnoi'.1 VI nnoTHO npVl>KVIMa

IOT MeCTO CKJleiliKVI Ha 5-6 r.iacoe, OAHaKO npVlnaraTb K MeCTY COeAVIHeHVIR MexaHVl'le

CKVle YCVIJlVIR He peKOMeHAYeTCR AO VICTe'l0HVIR CYTOK. 

YHHBepcanbHbli Kllei «MOM8HT•b OTJ1Vl'lHO CKJ1eV1eaeT C8Mble pa3Hble MaTepVla

Jlbl B Jll06blX CO'leTaHVIRX, OAHaKO B OTJ1Vl"IVl0 OT «YHVIKyMa» OH orHeonaceH VI B KaKoili-TO 

Mepe TOKCVl'leH,. n03TOMY nonb3oeaTbCR VIM C110AyeT B npoeeTpVleaeMOM noMell,\eHVIVI 

VI BA811VI OT OTKpbtToro orHR. 

Knei'.1 noCTYnaeT B npOA8)1(y VICKJ1IO"llllT011bHO B TI06VIK8X, HS KOTOpblX nOAP06Ho pac

nVICaHa peKoMeHAyeMaR T0XH0110rlr1R CKJ1eV1eaHVIR. 

Knei cc88·H». 0TJ11r1'-1Hblili KJlei'.1 AJ1R npVIKJ1eVIB8HVIR pe3VIHbl, KO>KVI VI Aepeea K l\lleTan

ny. no BVIAY VI KOHCVICTeHl,4VIVI OH HanOMVIHaeT CTaHA8PTHblili «CanO>KHblili» pe3VIH0Bbli'.1 

KJlei'.1, OTJlVl"laRCb OT nocneAHero CBeTllblM >Kemo-KOPVl"IHeBblM 1.4eeTOM. TaK >Ke, KaK VI 

pe3VIH0Bbli'.1 KJ1e171, OH «TRHeTCR» AJlVIHHblMVI TOHKVIMVI HVITRMVI BCJleA aa nanor.iKOl'.1 VlllVI 

IQllCTO'lKOili, "ITO HMO yYV1Tb1BaTb npV1 nonbaoeaHVIVI VIM. B npoAa)l(e KJlei'.1 «88-H» ecTpe

r.iaeTcR B TI06VIK8X VlllVI CTeKJlRHHblX 6aHK8X c nnOTHO npVlrHaHHOili npo6Koi1. 
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npM OTCyTCTBMM AOCTyna B03Ayxa MO>K0T coxpaHRTbCSI rO,D,aMlll, XOTSI cy~eCTeyeT 

0<1>111L1111a11bHb1ili rapaHT111iliHb1ili cpoK ero xpaHeH111s:1. np111 3arycTeBaH111111 KJleili MO)l(HO pa3-

6ae11s:1Tb 6eH30110M AO KOHClllCTSHL.1111111 >KlllAKOi1 CM0TaHbl. 

np111 cK11e111eaH111111 pe3111Hy 11111111 Apyroili np111K11e111eaeMb1'1 MaTep111an noc11e T~Te11bHO

ro o6e3>KlllPlllBaHlllSI c nOMO~blO KlllCTO"IKlll HaMa3blBalOT TOHKlllM C1100M KJ10SI Ill AalOT eMy 

BblCOXHYTb B T0"10Hlll0 5 MlllHyr. 3aTeM HaHOCSIT TaKlllM >Ke o6pa30M BTOpoili c11oili Ha np111-

KJ10111BaeMylO A0Ta11b 11 nepBb1171 c11oili Ha MeTaJ111. 06a C110SI cywaT 5-6 MlllHYT AO n011HOro 

«OT11111naH111s:1» cyxoro "llllCToro na11bl.la, noc11e <iero AeTan111opa3y111 OKOH<iaTe11bHO (!), 6e3 

CABlllra, np111K11a,D,b1Ba10T APYr K Apyry 111 n110THO np111>1<111Ma10T. Ec11111 np1111<J1e111eaeTcs:1 11111c

Toeas:1 pe3111Ha, ee 11y<iwe ecero «np111KaTaTb» K MeTa1111y c nOMO~blO 06b1"IHOi1 cKanK111 

11111111 pe3111HOBOro <l>OTOP011111Ka. HeAOCTaTKOM KJ19SI «88-H» SIB11Sl0TCSI TO, "ITO OH «He 11I0-

6111T» BOAY· 

K APYrlllM pacnpocTpaHeHHblM K119RM npOMb1w11eHHoro npo1113BOACTea c11eAOBa110 

6bl OTHeCTlll Ill 06bl"IHbl0 CTOnRpHblii Ill K838MHOBblA KJ10111, KOTOPblMlll pa,o.111011106111T011IO 

B03M0)KH0 np111A0TCSI n011b30BaTbCSI Ha npaKTlllKe np111 1113roTOB110Hllllll A0P0BSIHHblX <l>YT-

11s:ipoe. 

noMlllMO nepe"llllC119HHblX KJ100B npOMblW119HHOro npOlll3BOACTBa B M0CT9PCKOili 11I0-

6oro pa,o.111011106111Te11s:1 HenpeMeHHO np111cyrCTBylOT H9CK011bKO KJ100B, KOT0Pbl0 npo~e 

1/13roTOBlllTb caMOMy, "ISM lllCKaTb I/IX B npOAa>Ke. 

TaKl/10 KJ10111 B OCHOBHOM npeAHa3Ha"ISIOTCSI AJlSI CKJ10111B0HlllSI A0Taneili 1113 YAaponpo"l

HOro no11111cT111po11a 111 oprcTeKJla np111 1113roToe11eH111111 KOpnycoe np1116opoe, HecTaHAapT

HblX KOHCTPYKL!lllOHHblX A0Ta11eili eepHbepHO-WKaJlbHblX MexaH1113MOB, KapKacoe KOHTyp

HblX KaTYWSK 111 APYrlllX MOTO"IHblX y311oe, py"leK ynpae11eH111s:1, AeKopaTlllBHblX 06paM11e

Hllli1 Ill T. n. 

Cy~eCTBY0T H0CK011bKO P0l.18nTOB nOA06HblX KJ109B, pa311111"10IO~lllXCSI B OCHOBHOM 

P0l.10nTYPHblMlll nponOPL.llllSIMlll. B OCHOBe >Ke ecex 3TlllX KJ100B J10>KlllT, KaK npaBl.1110, CM0-

TaH006pa3Hblili paCTBOP caMlllX 3TlllX MaTep111anoe (n011111CTlllPOJ1bHas:i 11111111 n11eKc111rnaco

eas:1 CTp~Ka) B TOM 11111111 lllHOM 6blCTP0110TY"l0M pacTBOPlllT0110 (al.leTOHe, AlllX110p3TaHe 

Ill AP.). np111B8A8M H9CK011bKO Ha1116011ee pacnpocTpaHeHHblX P0l.10nTOB. 

Kne111 AJlR cK11e111eaH111s:1 Me)l(,D,y co6oili ASTaneili 1113 n11eKc111rnaca. 

1. 0AHY <iailiHylO 11111111 CT0110Byl0 110>KKY n110KCl/lrnacoBblX on111110K (B 3aBlllClllMOCTlll 

OT noTpe6HOCTlll) paCTBOPSllOT n011HOCTblO, 6e3 OCa,D,Ka, B AlllX110P3T0He np111 KOMHaTHOili 

TeMnepaType AO no11y"l8HlllSI a6C011IOTHO npo3pa"IHOrO «Clllpona». 

>Ke11aT011bHO roTOBlllTb KJ10ili B K011111"10CTB0, He06XOAlllMOM AJlSI OAHOpa3oeoro np111-

M8H8HlllSI. B npOTlllBHOM C11y"!ae OCTaBWllliliCSI KJ18ili xpaHlllTb B CT0KJ1SIHHOili nOCYA0 c n110T

HO np111TepTOili npo6KOili. 

Ilpeaynpe:HCaenue! qucmbtu auxJtopaman m01ccuiten, no 

amo.My cJteayem ua6ezamb Ba&ixanua. ezo napo6 u nonaaa

nua 1eaneJtb na 1eo:J1Cy py1e. 

2. TaKoe )1(0 Ko11111<iecTBO n11eKc111rnacoeb1x on111110K paCTeops:ilOT e E:Mec111 1113 60% aL1e

TOHa Ill 40% YKCYCHOili 3CC9HL.1111111. YKCYCHYIO 3CC9Hl.lllllO MO>KHO 39M9HlllTb TaKlllM )1(0 K0-

11111"10CTBOM 3Tlll11aL1eTaTa. 

B noc11eAH8M c11y"lae >1<e11aTe11bHO npe,o.sap111Te11bHO HarpeTb cK11e111eaeMb1e AeTa11111 

A040 °C. 
3. Ha1116011ee npeAnO"ITlllT811bHblM C110AY0T C"IVITaTb 5% paCTBOP n110KClllrnacOBblX 

on111110K s 11eARHOili yKcycHo171 11111111 MypaBblAHOili K111c110Te. B TaKOM pacTBop111Te11e on11111K111 

n011HOCTblO pacTBOPSllOTCSI aa H0CK011bKO MlllHYf, a n011HOL.10HHOe CKJ18V1BaH111e nOA A0B-

110Hlll0M npOlllCXOAlllT 3a 10-15 M"1Hyr. 
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,lJ,nsi c1<J1e111eaH111si AeTa11eili 1113 no11111cT111po11a no11111crnpo11bHble CTPY>KKlll 11111111 on11111K111 

(np1116111113111T011bHO 10%) paCTBOPSllOT n011HOCTblO AO no11yl.feHlllSI Kaw111~eo6pa3HOili Mac

Cbl e 6eH3011e, T011yo11e "111111 A111xnopsTaHe. C1<J1e111eaeMb1e AeTa11111 TW.aTe11bHO o6e3)1(111-

p111ea10T 111 Ae11a10T wepoxoeaTblMlll, noc11e Yero HaMa3blBalOT (o6e!) KJleeM 111 ASIOT no

CTORTb 3-5 MlllHYT. 3aTeM AeTa11111 n110THO nplll)l(lllMalOT Apyr K Apyry, Ill B TaKOM np111-

)l(aTOM HenOABlll)l(HOM COCTOSIHllllll OCTaB11SllOT Ha 6-10 YaCOB. 

MeX8HlllL.f0CKlll0 yc11111111si K KJ100HHOMY C00AlllH0HllllO MO)KHO np11111araTb He paHee L.f0M 

yepe3 CYTKlll. 

Ill B 3aKJllOYeH"10 MO)l(HO np111eeCTlll pe~enTbl KJ100B, KOTOPblM n011b3YIOTCSI ece 11I06111-

T011111 MarHlllTHOili 3ByK03an111c111 AJ1SI OKJle111eaHlllSI nopeaeweilicsi MarHlllTHOili 110HTbl, np111 

MOHTa)l(e 3an111ceili Ill AJ1SI np1111<J1e111eaHlllSI paKOPAOB K 110HT8M AJ1SI «K8TYW01.fHblX» MarHlll

TO<l>OHOB. 

1. PacTBop 1 % 1113M011bl.f0HHOrO ~e1111y110111Aa B CMeClll 1113 50% Mern11m10KOl1b8~eTa
Ta 111 49% a~eToHa. 

2. CMeCb paeHblx Ko11111YeCTB (no 25%) Mern11oeoro cn111pTa, 110ARHoili yKcycHoili KlllC-

110Tbl, Mern11a~eTaTa 111 Mern11m10KOl1ba~eTaTa. 

3. B c11yyae H8B03MO)KHOcrn np11106peTeH111si yKa3aHHblX peaKrneoe MarHlllTHYIO 11eH

TY MQ)l(HQ c YAOB110TBOPlllT011bHblM KaYeCTBOM CKJle111eaTb OAHOili T011bKO YKCYCHOili 3C

ceH~llleili, OAHaKO B 3TOM c11yyae Cl10AY0T npeABaplllT011bHO noTpeH111poeaTbCSI' Ha He-

60l1bWlllX o6pe3K8X 110HTbl, nOCK011bKy nplll MMOM K0111111.f0CTBe scceH~llllll CKJle111eaH111e 

no11yyaeTCSI H0HaA0)1(HblM, a np111 60l1bWOM K0111111.f0CTBe 3CC0H~llllll 110HTa 6blCTPO pa3-

MRrYaeTCSI Ill L.faCTWiHO paCTBOPR0TCSI, ,o,e11asi M0CTO C00AlllH0HlllSI 1111160 6ec<1>opMeHHblM, 

1111160 Cllll1bHO YTOHL.f0HHblM. 



TeopHH 

YpoK 1. MHOI'03flEKTPOaHbIE 
11 KOMBMHMPOBAHHbIE IIAMnbI 

O"leBlllAHble AOCTOlllHCTBa TplllOAa - B03MO>KHOCTb MHOrOKpaTHO «yc111n111eaTb» cna-

6b1e 3neKTp111"!eCK111e c111rHanb1 e npoi..tecce 3KcnnyaTai..t111111 o"leHb cKopo Bb1sie111n111 111 ero 

O"leBlllAHbli;\ HeAOCTaTOK: 6onbWYIO «npOXOAHYIO» eMKOCTb aHOA-CeTKa, 1113MepsieMylO 

eAlllH111LtaMlll net> 111 npensiTCTBYIOW.YIO nony"leHll1IO yCTOl;\"1111BOro yc111neHll'SI Ha BblCOKlllX pa

A1110"laCTOTax (KOPOTKll1X BOnHax), a TaK>Ke OTHOClllTenbHO Hlll3Kll1i'I K03$$111i..tVleHT yc111ne

HlllSI, He npeBblWalOW.llli'I HeCKOnbKll1X AeCSITKOB, "!TO aacTae111no KOHCTPYKTOPOB lllCKaTb 

nyTlll K npeOAOneH111IO 3TlllX HeAOCTaTKOB. 

nepeoHa"laJlbHO 6bina nOnblTKa noMeCTlllTb Me>KAY ceTKOi'I Ill aHOAOM HeK111i'I 3a3eM

neHHbli'I 3KpaH. ¢11131/!Ka Aei'ICTBll1SI TaKoro 3KpaHa COCTOS!na B TOM, "!TO B 3TOM cny"!ae 

eMKOCTb Me)l(Ay aHOAOM Ill ceTKOi'I KaK 6bl paa6111eanacb Ha ABe OTAenbHble, COeA111HeH

Hble nocneAOBaTenbHO eMKOCTlll: eMKOCTb aHOA-3KpaH 111 eMKOCTb 3KpaH-ceTKa. A KaK 

1113BeCTHO, o6w.asi eMKOCTb AByx nocneAOBaTenbHO COeAll1HeHHblX KOHAeHcaTopoe ecer

AS MeHbWe Ha111MeHbWei'l 1113 Hll1X. 

PaayMeeTcsi, KOHCTPYK1..t111si 3KpaHa AOn>KHa 6b1Tb TaKoi'I, "IT06bl oHa He npensiTcTeo

eana CB060AHOMy nponeTY 3neKTPOHOB OT KaTOAa K aHOAY· Ha1116onee npOCTblM Ill ecTe

CTBeHHblM 6b1no peweH111e noMeCTlllTb Me)l(Ay aHOAOM 111 ynpaensiiow.ei'I ceTKOi'I BTOpylO 

TaKylO >Ke ceTKy. Ee TaK 111 Haaean111: 3KpaHHasi (111n111 3KpaHvipyiow.asi) c~TKa. PaaMecrnn111 

ee rAe-TO nocpeAll1He Me>KAY ynpaensiiow.ei'I CeTKOi'I 111 aHOAOM Ill CHa6A111n111 caMOCTOSl

TenbHblM BblBOAOM. 

BHa"lane 3TY ceTKY nb1Tan111cb 3a3eMnll1Tb 111n111 coeAlllHlllTb c KElTOAOM, HO BblSICHlll

noCb, "!TO ee OTPll1i..taTenbHbli'I noTeH1..t111an TOnbKO TOPM03111T 3neKTPOHHbli'I nOTOK, CHlll

>Kasi 111 6ea Toro He6onbwoi71 K03$<P1111..t111eHT yc111neH111si naMnbl. 

BOT TOrAa Ill np111wna lllAeSI nOAaTb Ha AOnonHll1TenbHYIO CeTKy BMeCTO OTPllli..taTenb
HOrO He60nbWOi71 nonO>Kll1TenbHbli'I noTeHi..tll1an, "IT06bl 3neKTPOHHbli'I noTO~ He TOnbKO 

He TOPM03111nCSI, HO Ill nony"lan AOnOnHll1TenbHbli'I «pa3roH», yee11111"1111Basi aHOAHbli'I TOK. 

A "IT06bl BTOpasi ceTKa npOAOn>Kana BblnOnHSITb CBOIO OCHOBHYIO 4>YHKL.t111IO 3neKTpOCTa

T111"leCKOro 3KpaHa, ee «383eMn111n111» c nOMOW.blO KOHAeHCaTOpa AOCTaTO"IHO 6onbWOi71 

eMKOCTll1. 
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Pe3ynbTaT npeB30wen see O:lKll'IAaHll'lff. 0All'IH 11'13 CaMblX nepBblX TeTPOAOB (a ll'IMeHHO 
TaK Ha3Ban111 HOBYIO '"leTblpexsneKTPOAHYIO SKpaH111posaHHYIO naMny) OTe'"leCTBeHHoro 
npOll'l3BOACTBa CEi-154 (111n111 231 no HOBO!il Knacc111¢>111Ka4111111) 111Men ¢>aHTacrn'"leCK111e no 
TeM speMeHaM napaMeTpbl. npoXOAHaff eMKOCTb yMeHbWll'lnaCb c 5 net> AO 0,005 (!) nct>, 
BHYTPeHHee conpornsneH111e so3pocno c 30 KOM AO 1,3 MOM, a Kos¢>¢>1114111eHT yc111ne
Hll'lff npesb1c111n 1000! STO CTano peson104111e!il, npopblBOM B C03AaHll'lll'I pa.q111oannapaTY
pb1 cneAYIOLI..\ero noKoneHll'lff. 

SKpaH111posaHHaff naMna cpa3y :lKe 111 6ecnosopOTHO BblTecH111na TPll'IOAbl 1113 pa.q111o'"la
CTOTHoro TpaKTa 11'1 CAenana B03MO:lKHblM MBCCOBOe npOll'l3BOACTBO pa.q111onp111eMHll'IKOB 
npHMoro yc111neH111H c All'lana30HaM111 Ailll'IHHblX 111 CPeAHll'IX sonH (SKJl, S"IC-2, S"IC-3, 
Clil-235), CTaBWll'le MaCCOBblMll'I B cepeAll'IHe 30-x rOAOB. xapaKTepHblM WTp111x: 6yKBa «S» 
B Ha3BaHll'lffX 3Tll'IX np111eMHll'IKOB 0603Ha'"lana ll'IMeHHO cnoso «3KpaHll'IPOBaHHblM», a non
HOCTblO Ha3BBHll'le pacw111¢>pOBblBanoCb TaK: «3KPBHll'IPOBaHHblM, '"leTblpexnaMnOBblM, 
ceTeBOM». 

Csoe Ha3BaH111e «SKPBH111posaHHaH naMna» HOBble TeTPOAbl onpaBAblBan111 ell.le 111 
TeM, '"ITO Allff yMeHbWeHll'lff Bnll'IHHll'lff BHeWHll'IX none!il BHYTPeHHffff '"laCTb 111x 6annoHa no
Kpb1sanacb pacnblnffeMOM nneHKOH MeTanna 111n111 TOHKOM MeTann111'"1eCKOM ceTKOH, co
eAll'IHeHHOH BHYTPlll 6annoHa c KaTOAOM. 

3Ta TP8Alll411'1ff coxpaH111nacb 111 s AanbHe'1weM, 111 caMble nocneAHll'le cospeMeHHb1e 
OTe'"leCTBeHHble TeTPOAbl (6S5n, 6S6n, 6315n) ll'IMelOT nOMll'IMO 3KpaHHOH ceTKll'I ~LI.le 11'1 
BHYTPeHHll'IH CTBTll'l'"leCKll'l!il 3KpaH, coep,111HeHHblM BHYTPll'I naMnbl c KBTOAOM 111n111 Aa:lKe 
ll'IMelOLI..\ll'IM OTAenbHblM CBMOCTOSITenbHblW BblBOA (6S6n). 

,lJ,pyrnM HOBWeCTBOM B npo4ecce cosepweHCTBOBaHll'lff TeTPOAOB CTano ll'ICnOnb-
30BaHll'le TaK Ha3blBaeMoro ny'"lesoro np111H4111na ¢>opMll'lpOBaHll'lff nOTOKB sneKTPOHOB, 
COCTOffBWero B TOM, '"ITO ynpasnfflOll.laff 11'1 3KpaHHaff ceTKll'I TeTpOAa BblnOnHffnll'ICb a6co
nlOTHO ll'IAeHTll'l'"IHblMll'I, T. e. 1113 OAll'IHBKOBO!il nposonoKll'I, c OAll'IHaKOBblM waroM 111 '"lll'ICnoM 
Bll'ITKOB, pa3nw1affCb TOnbKO All'laMeTpaMll'I snn111nca. np111 3TOM CeTKll'I pacnonaranll'ICb Ha 
KpenffLI..\ll'IX Tpasepcax TBKll'IM o6pa30M, '"ITO Bll'ITKll'I 3KPBHHOH ceTKll'I pacnonaranll1Cb TO'"l
HO npOTll'IB Bll'ITKOB ynpaBnfflOU,\etil ceTKll'I 11'1 KaK 6bl «npffTBnll'ICb» 3a ee Bll'ITKaMll'I. 

B pe3ynbTSTe sneKTPOHbl no nYTll'I K aHOAY «Orll'l6an111» BlltTKll'I 3KpaHHOM CeTKll'I, He 
OCeAaff Ha He!il 11'1 He C03AaBaff 3KpaHHOro nOCTOffHHOrO TOKa. 0AHOBpeMeHHO «C:lKaTble» 
s y3K111e ny'-1111 sneKTpOHbl ysen111'"1111san111 nnoTHOCTb sneKTpOHHoro noToKa HacTOnbKO, '"ITO 
B npoMe:lKYTKe Me)l(Ay 3KpaHHOM ceTKOH 11'1 aHOAOM o6pa30Bb1Banacb ¢>11'1KTll'IBHaff, Bll1PTY
BnbHBff o6naCTb, ll'IMelOU,\aff noTeH4111an Hll'l:lKe BHOAHOro 11'1 npenffTCTBYIOLI..\Bff B03Hll'IKHO
BeHll'llO «All'IHaTpOHHOrO» BCTpe'"IHOrO nOTOKa sneKTPOHOB. 

B naMnoso'1 paA111oannapaType nocneAHll'IX neT, npeAwecTsosasw111x MaccosoMy 
BHeApeHll'llO nonynpOBOAHll'IKOBOM sneMeHTHOM 6a3bl, TeTPOAbl BblnOnHffnll'I cneAYIOLI..\ll'le 
¢>YHK4111111: yc111n111Ten111 HanpH:lKeHll'lff Vi MOU,\HOCTll'I BblCOKOtil '"laCTOTbl B np111eMHll'IKBX 11'1 ne
peAaT'"lll'IKax, yc111n111Ten111 MOLI..\HOCTll'I s Y3"1, reHepaTOpb1 111 OKoHe'"IHble yc111n111Ten111 B cxe
Max CTPO'"IHOM 11'1 K8APOBOM pa3sepTOK TeneBll'l30POB 11'1 MOHll'ITOPOB, OKOHe'"IHble Wll'IPOKO
nonocHble yc111n111Ten111 HanpH:lKeHll'lff (s B11tAeoc111cTeMax 111 Tenes1113opax). Cne4111anbHble 
reTPOAbl 111cnonb30BBnll1Cb B Ka'"leCTBe peryn111py10LI..\ll'IX naMn B cxeMax BblCOKOBOnbTHblX 
CTa6111n1113aTOPOB HanpH:lKeHlllff (6315n). 

SneKTp11t'"leCK111e xapaKTep111crnK111 TeTPOAOB nocneAHll'IX BblnycKoB ne:lKaT B npeAenax: 
µ = 240 ... 2350, s = 1,6 ... 30,5 MA/B, R, = 2,5 ... 150 KOM, none3Haff BblXOAHaff MOLI..\HOCTb 
PeblX - OT eAll'IHll'l4 AO 35 BT (y TeTPOAa 6n42C). 

Ka3anOCb 6bl, BCeM xopow TeTPOA: 11'1 yc111neH111e y Hero orpOMHOe, 11'1 eMKOCTb npo
XOAHaff ManeHbKaff, 11'1 pa6oTaeT OH Ha PaAll'IO'"laCTOTax YCTOM'"lll'IBO, HO 11'1 y Hero BCKOpe 
o6HaPY:lK111nll'ICb HeAOCTaTKll'I, KOTOpblX He 6bln0 A8)1(e y TPll'IOAOB. A nOffBll'lnll'ICb STiii HeAO
CTaTKll'I scneACTBll'le AByx npll'l'"lll'IH. 

Mbl Y:lKe ynoM11tHan111, '"ITO nocTOHHHoe HanpH:lKeH111e Ha sKpaH111py10LL1e!il ceTKe y TeT
POAa o6bl'"IHO Bb16111paeTCff rAe-To Me)l(Ay 2/3 111 nonHblM HanpH:lKeH111eM aHOAHOro ll'ICTO'"I-
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HVIK8 VI B AaJ'lbHe£1weM OCTaeTCR Helll3MeHHblM BO BCex pe>KVIM8X pa6oTbl T8TPOAa. A Ha

npst)l(8Hlll8 Ha aHOA8, HanpOTVIB, MeHR8TCR B AlllHaMVl'feCKOM pe>K111Me (npVI HanVILflllVI CVlr
Hana «paCKa'fKVI» Ha ynpaBnRIOW,e£1 CeTKe) B AOBOnbHO WVIPOKVIX npeAenax. 

B pe3ynbTaTe BO BP8MR OTpVlu,aTenbHOro nonynepVIOAa BXOAHOro CVlrHana TOK Lfepe3 
naMny MVIHVIManbHbl'1, naA8HVIR Hanpst>K8HVIR Ha aHOAHOiii Harpy3Ke nOLfTlll HeT, VI Ha
npst>KeHVle Ha aHOAe CTaHOBVITCR 6nVl3KVIM r nonHOMY Hanpst>KeHllllO VICTOLfHlllKa nV1TaHVIR 

(T. e. 6onbwe Hanpsi>KeHVIR Ha sKpaHHOiii ceTKe). 

A BO BpeMR nonO>KVITenbHOro nonynepVIOAa aHOAHbliii TOK MaKCVIManeH, naAeHVle Ha
npst>KeHVIR Ha Harpy3Ke 6onbwoe, e pe3ynbTaTe Hanps:i>KeHVle Ha aHOAe naAaeT, K npVl

Mepy, AO nonOBVIHbl Hanpsi>KeHlllR aHOAHOro VICTOLfHVIKa, T. e. CTaHOBVITCR MeHbWe Ha

npR>KeHVIR Ha 3KpaHHOiii CeTKe, LfTO B KOpHe MeHReT xapaKTep aHOAHOro TOKa. 
BeAb AnR neTRW.VIX sneKTpOHOB coBepweHHO 6eapasnVILfHO, KaK Ha3blBaeTCR sneKT

POA: aHOA VlnVI 3KpaHHast ceTKa. OH111 neTRT TYAa, rAe 6onbWVliii nonO)((V1TenbH'b1£1 noTeH

L!lllan, T. e. y>Ke He K aHOAY. a K 3KpaHHOiii ceTKe, B pe3ynbTaTe Lfero aHOAHbliii TOK yMeHb

waeTCR Ha BenVILfVIHY, Ha KOTOPYIO B03pacTaeT TOK 3KpaHHOiii CeTKlll. 

3TO npVIBOAVIT K TOMy, LfTO Ha aHOAHOiii xapaKTepVICTVIKe TeTPOAa nosiensteTCR xapaK
TepHbliii npoBan B o6nacrn HV13KVIX aHOAHblx Hanpst>KeHVliii, xopowo BVIAHbliii Ha ceMeiii

CTBe aHOAHblX xapaKTepVICTVIK nio6oro TeTpOAa. 
Ho cyw,ecTByeT VI APYrasi np111LfV1Ha, Vl3-3a KOTopoiii aHOAHbliii TOK yMeHbwaeTcst He 

TOnbKO npVI HVl3KVIX aHOAHblX Hanpst)((eHVIRX, HO KaK paa npVI HaVl60nbWVIX. 3Ta npVILfVIHa 

COCTOVIT B TOM, LfTO npVI Hanpst)((eHlllRX Ha 3KpaHHOiii ceTKe, 6nlll3KlllX K Haflpst>KeHVllO VIC

TOLfHVIKa, VI MaKCVIManbHOM aHOAHOM Hanpst)((0HVllll sneKTpOHbl paarOHRIOTCR AO TaKlllX 

CKOPOCTeiii, LfTO VIX KVIHeTVILfeCKOiii 3Heprvilll OKa3blBaeTCR AOCTaTOLfHO AnR Toro, LfT06bl 

«Bbl6VITb» c noBepxHocrn aHoAa TaK Ha3blBaeMble BTOPVILfHble CB060AHbte sneKTPOHbl, 

nocKOnbKY npVI 60nbWVIX 3Ha'feHVIRX aHOAHOro TOKa MeTannVILf0CKVliii aHOA 3Ha'fVITenbHO 

pa3orpeBaeTCR, a Vl3BeCTHO, LfTO 'f0M BbtWe T0Mnep8TYP8 MeTanna, TeM cna6ee CBR3b 

c HVIM sneKTPOHOB Ha ero noeepxHOCTVI. 
B pe3ynbTaTe HenpepblBHoiii 6oM6apAVIPOBKVI noBepxHOCTVI aHOAa nepBVl'·tHbtMVI 

sneKTPOHaMVI c 3TOiii noeepxHOCTlll Ha'fVIHaeT Bbln0TaTb SH8LflllT0nbHOe 'fVICnO BTOPVILfHblX 

sneKTPOHOB, VIMelOW,VIX onpeAeneHHbliii aanac KVIH0TlllLf0CKOiii 3Heprvi111 Ill BeKTop ycKope
HVIR, HanpaBneHHbliii OT 8HOA8. 

5YAYLfVI OTpVlu,aTenbHO 3apst>KeHHblMVI, 3Tlll sneKTpOHbl nonaASIOT B YCKOPRIOW,ee 
none nonO>KVITenbHO 38PR>KeHHOiii 3Kp8HHOiii C0TKlll Ill C03,D.SIOT B ea ~en111 nOCTORHHbliii 
TOK, HanpaBneHHbliii HaBCTpe'fy OCHOBHOMY 8HOAHOMY TOKY. 3TOT «BTOPVILfHbliii» TOK KSK 

6bl Bbl'fVITSeTCR Vl3 o6w,ero aHOAHOrO TOKa, LfTO npVIBOAlllT K nORBn0HVllO BTOporo «npo
Bana» Ha aHOAHOiii xapaKTepVICTVIKe, HO Y*0 np111 6onbWlllX Hanpfl>K0HVIRX Ha 8HOAe. 

3TO RBneHVle H83blBaeTCR AMH8TPOHHblM acl>cl>eKTOM, Ill 60pb6a c 3TVIM s<1><1>eKTOM 

npVIBena K C03A8HVllO nsirnsneKTPOAHOiii naMnbl - neHTOAa. 
neHTOA OTnVILfaeTCR OT TeTPOA8 TOnbKO HanVILfVleM AOnOnHlllT0nbHOiii, TpeTbeiii C0TKVI, 

pacnono>KeHHOiii Me>KAY 3KpaHHOiii ceTKOiii Ill 8HOAOM Ill 06bl'fHO COeAV1HR8MOiii c KaTO

AOM. lllHOrAa TSKOe COeAV1HeHV1e ocyw,ecTBnReTCR npRMO BHYTPVI 6annoHa naMnbl (Ha
npVIMep, B neHTOASX 6)1(1n, 6)1(325, 6)1(33A, 6)1(38n VI Ap.), HO LfSW,e TP9TbR CeTKa VIMe

eT OTAenbHbliii, CaMOCTORTenbHbliii BblBOA, "'ITO n03BOnsteT cyw,eCTBeHHO paCWVIPVITb 06-

naCTb VICnOnb30BaHVIR neHTOAOB. 

lllMeR noTeHL!lllan KaTOAa, T. e. 6YAYLfVI KaK VI BbtneTeBwllle Vl3 t<STOAa sneKTpOHbl OT
pVlu,aTenbHO 3apst>KeHHOiii, TpeTbR ceTKa «OTT8nKlllBaeT» OAHOVIMeHHO 38pR>KeHHble BTO

PVILfHble sneKTpOHbl o6paTHO, B CTopoHy nono>KVITenbHoro aHOAa,· TeM qaMblM npens:iT

CTBYR B03HVIKHOBeHVllO BCTpe'fHOro sneKTPOHHOro nOTOKa. B CBR3VI c H&~Ha'feHVleM VI 

OCHOBHOiii <l>YHK~Vleiii TpeTbeiii ceTKVI ee Lf8CTO Ha3blBalOT 8tJT"AMH8TpOHHOM VlnVI npo
THBOA11H8TPOHHOH ceTKOiii. 

3neKTPVILfeCKVle xapaKTepVICTVIKVI neHTOAOB 6nVl3KVI K xapaKTepVICTVIKaM TeTPOAOB. 

BenVILfVIHa npoxOAHOiii eMKOCTVI neHTOAOB o6bl'fHO ne:>KVIT B npeAenax 0,05 ... 0,005 nel>, 

CHVl>KaRCb VIHOrAa AO 3Ha'feHVliii 0,003 ... 0,0035 nel> (neHTOAbl 6)1(2n VI 6)1(4n). KPYTVl3Ha 
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xapaKTeplllCTlllKlll K011e611eTCR OT 4 ... 5 AO 25 ... 30 MA/B, AOCTlllraR y OTAeJlbHblX TlllnOB 

aHa1.1eH111R 55 MA/B (neHTOA 6>K52n). 

60J1bWlllHCTBO «CTaHAaPTHblX» neHTOAOB, o603Hal.faeMblX B K11acc1.1cj)111Kal..\L.1lll 6yK

B0'1i >K, no BlllAY aHOAHblX Ill oco6eHHO ceTOl.fHblX xapaKTeplllCTlllK Mano OTJlllll.faeTCR OT 

TeTPOAOB. y neHTOAOB 3T0'1i rpynnbl eCTb OAHa o6w,aR 3aKOHOMepHOCTb: c yse111111.1eH111-

eM OTPlllL.laTeJlbHOrO HanpR>KeHlllR Ha ceTKe aHOAHblV'I TOK yMeHbwaeTCR AOBOJlbHO 6blCT

po Ill np111 MlllHyce Ha ceTKe 4 ... 6 B aHOAHbl'1i TOK CTaHOBlllTCR paBHblM Hymo, T. e. naMna 

«3an1.1paeTCR». 

neHTOAbl TaKoro BlllAa npl/IHRTO Ha3blBaTb neHTOA8Mll1 c KOPOTKOM xapaKTepM

CTMKOM. OHlll BO scex CJlyYaRx nOJlHOCTblO 3aMeHRIOT TeTPOAbl np111 lllCnOJ1b30BaHL.1111 B 

Ka"leCTBe yc11111111Te11e!.1i asyKOBblX 111 PaAlllO"laCTOT, reHeparnpos, a Ha11111L1111e TpeTbe'1i ceT

Klll c He3aBlllClllMblM BblBOAOM n03BOJ1ReT nOMlllMO STOro lllCnOJlbBOBaTb neHTOAbl B Kal.fe

CTBe CMeC111Te11e!.1i 11111111 naMn c AB0'1iHblM ynpasneHl/leM, Hanp1.1Mep AJ1R 1113MeHeHlllR yc111-

11eHlllR KaCKaAa c nOMOW.blO pery11111pyeMoro OTPlllL\aTeilbHoro HanpR>1<eH111R Ha TpeTbe'1i 

ceTKe. B nepeAalOll.l,lllX ycTp0'1iCTBax TaKllle neHTOAbl "laCTO lllCnOJ1b3YIOT B Ka"leCTBe MO

AYJlRTOPHblX naMn. 

Ill XOTR neHTOAbl BCKope nocne I/IX noRBJleHlllR nO"ITlll nOJlHOCTblO BblTeCHlllJllll TeTPOAbl 

1113 BblCOKO"laCTOTHblX TpaKTOB np111eMHOVI Ill nepeAalOw,eVI annapaTYpbl, HO Illy HL.1X BblR

BlllJlCR OAlllH CVW.eCTBeHHbl'1i HeAOCTaTOK, 06yCJ10BJ1eHHblV'I lllMeHHO KOpOTK0'1i CeTO"IHOVI 

xapaKTep111CTlllK0'1i. Ho "IT06bl noHRTb Ill YRCHlllTb CMblCJl STOro HeAOCTaTKa, HaM np11tAeT

CR Ha speMR nepeK1110"llllTbCR Ha 6011ee o6w.yio TeMy. 

Ha nepsb1x nopax paA111onp111eMH111K111 cTpo11111111cb no cxeMe npRMOro yc11111eH111R, 

T. e. see ero KaCKaAbl AO AeTeKTOpa (a 111x L1111c110 lllHOrAa AOcrnrano Tpex-"leTb1pex) yc111-

11111sa11111 HenocpeACTBeHHO ClllrHaJl nplllHlllMaeMoVI "laCTOTbl Ill lllMeJllll H81113M8HHblM KO

scj)cj)lllL\llleHT yc11111eH111R, onpeAe11Rsw111'1icR napaMeTpaM111 np111MeHReMblX naMn 111 pe>1<111-

MOM I/IX lllCnOJ1b30BaHlllR. 

l.fTO >Ke KacaeTCR BeJllll"llllHbl nplllHlllMaeMoro c111rHa11a, TO OHa 3as111ce11a OT YAaileH

HOCTlll TO"IKlll np111eMa OT nepeAaT"llllKa, ero MOW,HOCTlll, BL.1Aa np111eMH0!.1i aHTeHHbl Ill 

MeCTHblX yc11os111'1i np111eMa, a nOTOMY K011e6a11aCb OT MKB/M AO MB/M, T. e. B TblCR"llll 

paa. A nocKOJlbKY yc11111eH111e np111eMHlllKa OCTBBaJlOCb Hel.13MeHHblM, TO Ill ClllrHaJl Ha Bbl

XOAe AeTeKTopa 1113MeHRJ1CR, rpy6o rosopR, BO CTOJlbKO >Ke pas (Ha caMOM A0J10 pa6oTa 

AlllOAHOro A0TeKTopa orpaHlll"l0Ha CHlll3Y TaK Ha3blBa0MblM noporoM "IYBCTBL.1T0JlbHOCTlll, 

a csepxy- sepxH111M sar11160M ero aHOAH0!.1i xapaKTep111crn1<111). 

3TO nplllBOAlllJlO K TOMy, "ITO ClllrHaJlj:>I YAaJleHHblX MaJlOMOW,HblX CTaHL\lllV'I 6blJ1111 eABa 

CJlblWHbl Ha cj)oHe co6CTB0HHblX WYMOB np111eMHlllKa, a MOW,Hble M0CTHbl0 CTaHL\111111 11p111-

HlllMaJ1lllCb c HeAOnyCTlllMj:>IMlll H0J1111H0'1iHblML.1 lllCKa>KeHlllRMlll. 

KoHe"IHO, MO>KHO 6b1110 6b1 pery11111posaTb 06w,111'1i Koscj)cj)111L1111eHT yc11111eH111R paA1110-

TpaKTa, BB0AR py"IHYIO pery11111posKy OTPlllL\aT0JlbHOro HanpR:>KeHlllR, nOABOAlllMOro K aH

TlllAL.1HaTpOHH0'1i 11111111 Aa>Ke ynpaBJlRIOW,eVI ceTKe (BMeCTO 6aTape'1iKlll Hal.faJlbHOro CMe

w,eHlllR), HO TaKylO pery11111pOBKy nplllWJlOCb 6bl aaHOBO ocyw.ecTBJlRTb AJlR Ka)l(A0'1i HO

B0!.1i nplllHlllMaeM0'1i CTaHL\111111. 

EcTeCTBeHHblM 6b1110 :>Ke11aH111e, "IT06b1 TaKylO pery11111posKy np1.1eMHlllK ocyw.ecTB11R11 

caMOCTORTeJlbHO, 603 BMeWaT0JlbCTBa c11ywarn11e!.1i. Ho AJ1R SToro HaAO 6blJ10 OCHac

TlllTb np111eMHlllK H0KOe'1i ClllCT0M0'1i 8BTOM8TM'l8CKOM perynMpOBKM yc1111teHMR (APY). 
TeopeTlll"l0CKlll STO npeACTaBJ1RJ10Cb HeCJlO:>KHblM, Ill BOT no"leMy: np111 pa6oTe Jll06oro 

A0TeKTopa Ha ero Bb1XOA0 nOMlllMO none3Horo MOAYI1111pyiow.ero ClllrHana o6R3aTeJ1bHO 

Bb1A0J1RJ1CR «n060"1HblV'I» npOAYKT - nOCTOS!HHOe HanpR:>K0Hllle, B0Jllll"IL.1Ha KOTOporo 

6b111a npRMO nponOPL\L.10HaJ1bHa BeJlL.11.flllHe nOABOAlllMOro 81.f ClllrHana, a nOilRPHOCTb 3a

Blllcena lllCKJllO"llllTeJlbHO OT nonRpHOCTlll nOAKJll0"10HlllR AlllOAa, "ITO Ha CaM npOL\eCC A0-

TeKTlllPOBaHL.1S! HL.1KaK He BJ1111RJ10. TaKlllM o6pa30M, nocTOS!HHOe HanpR>KeH111e Ha BblXOAe 

AeTeKTOpa OKa3blBaJ10Cb lllMeHHO TeM CL.1rHaJ10M, KOTOpblV'I 6blJ1 He06XOAlllM AJlR aBTOMa

Tlll"leCKoro pery111.1posaHL.1R yc1.111eHL.1R. Ho, YBbl, STO 6blJ10 B03MO:>KHO TOJlbKO Teopern-

1.fP.CKlll. 
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P111c. 11. KoHCTPYKl..llllR ynpaensi10~elil ceTKlll c nepeMeHHblM waroM .Qm1 neHTOAOB «eap111M10~ 
Ill C0T0"1Hbl0 xapaKTeplllCTlllKlll neHTO,QOB 6)1(4n Ill 6K4n 

,[l,eno B TOM, YTO nplllHlllMaeMble ClllrHanbl pa311111yan111cb no Be11111Y"1He B TblCRYlll pa3, 

TOrAa KaK «paCTBOP» ceTOYHOlll xapaKTep"1CTlllK"1 11aMnbl (T. e. pa60Y"1e HanpR:>KeH"1R Ha 

ceTKe) Ko11e6ancR e npe.Qe11ax ±(1...2) B, a np111 6011bw1r1x 0Tp1111.taTe11bHblX HanpR>KeH1r1s:ix 

(-4 ... -8 B) 11aMna npoCTo 3an1r1panacb. 

Peamt3oeaTb Teop1r1io Ha npaKT111Ke 6bl110 6bl B03MO>KHO, ec111r1 6bl ceTOYHaR xapaK

Tep1r1crnKa 11aMnbl 6bl11a He TaKolll KOPOTKOlll, a 6011ee YA11"1HeHHOlll, T. e. YT06bl nOllHOe 

3an1r1paH1r1e 11aMnb1 npo111cxo.Q111110 He np1r1 -6 ... -8 B, a np1r1 -20 ... -30 B. B np1r1HL1111ne co-

3AaTb TaKYIO 11aMny HlllYero He CT0"1110: AllR 3TOro ynpaBllRIOLI..\YIO ceTKY Ha.QC 6bl110 C.Qe

llaTb HaCTOllbKO pe.QKOlll, YTO ee B11"1RH"1e Ha 311eKTpOHHblH nOTOK 6bl110 6bl M"1HlllManb

HblM. Ho OT 3Toro e .QeCRTK"1, ec111r1 He e COTH"1 paa ynan1r1 6b1 KPYTlll3Ha xapaKTep111crnK111 

,,, K03cl>cl>"1L\"1eHT yc1r111eH"1R. 

BblXOA 6bl11 Halil.QeH op1r1r1r1HanbHblH: ynpaBllRIOLI..\YIO ceTKY C,Qe11an1r1 He rycTOlll Ill He 

pe.QKOlll, a nepeMeHHOlll ryCTOTbl, KaK 3TO noKa3aHO Ha p1r1c. 11. 1113 3TOro p1r1cyHKa no

HRTHO, YTO np1r1 HY110BOM nOT0HL\"1ane Ha CeTKe 3110KTP0Hbl OAlllHaKOBO CB06QAHO npo-

11eTalOT KaK Yepe3 ryCTYIO, TaK "1 Yepe3 pep.KylO ee YaCTl/I. np1r1 He6011bWOM OTPlllL\aT011b

HOM HanpR>KeH"1"1 3110KTPOHbl "1CnblTblBalOT Ha1116011bwee TOPMO>K0Hllle B 0611aCTlll ryCTblX 

BlllTKOB Ill no-npe>KHeMy CB060AHO npo11eTa10T CKB03b pe,QK"1e BlllTK"1. 

no Mepe yee11111YeH111R «MlllHyca» Ha ceTKe rycTaR ee YaCTb ece 6011bwe npOTlllBO,Qelil

CTByeT npo11eTy 3110KTPOHOB, YM0HbWaR aHOAtlbllil TOK, TOrAa KaK pe,QK!lle BlllTKlll He B co

CTORH"1111 CYLI..\0CTB0HHO YM0HbWlllTb YlllC/10 CB060AHO npo11eTalOLI..\lllX 311eKTpOHOB. 

np111 HanpR>K0H"1"1 B -6 ... -8 B rycTaR YaCTb CeTKlll npaKT111YeCK"1 nperpa>K.QaeT nYTb 

aHOAHOMY TOKY Ill 11111Wb H03HaYlllT011bHBR YaCTb 3J10KTPOHOB npO.QOJl>KaeT npocaY"1BaTb

CR CKB03b pe.QK"10 BlllTKlll. Iii TOllbKO np111 HanpR>K0H"1111 -20 ... -30 B OTP"1L\BTe11bHbllil 3apRA 

ceTKlll OKa3blBaeTCR AOCTaTOYHblM, YT06bl npeKpaTlllTb aHOAHbllil TOK nOllHOCTblO Ill «3a

nepeTb» 11aMny. 
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JlaMnbl TaKoro nma B OTnlll"lllle OT 06bl"IHblX neHTOAOf' CTanlll Ha3blBaTb naMnaMlll 
c YA11111HeHHOH ceTO"IHOH xapaKTep111cT111KOH 111n111 lllHOrA8 naMnaM111 Tl/Ina «eap111M10», "ITO 
e nepeeoAe 03Ha"laeT naMnbl c nepeMeHHblM K03cl>cJ>111u,111eHTOM yc111neH111S1. 3Tot\ rpynne 
neHTOAOB B OTnlll"lllle OT 06bl"IHblX naMn rpynnbl «)I(» 6b1na np111ceoeHa B HalllMeHOBaHllllll 
6yKea «K». CpaeH111TenbHbte xapaKTep111crnK111 neHTOAOB c KOPOTKOH 111 YA11111HeHHOA ce
TO"IHblMlll xapaKTeplllCTlllKaMlll np111BeAeHbl Ha TOM >Ke p111c. 11. 

lilcnonb3YSI oco6eHHOCTlll ceTO"IHblX xapaKTepl!ICTlllK naMn Tlllna «BaplllMIO», MX CTanlll 
WlllPOKO np111MeHS1Tb B np111eMHlllKaX, OCHaW,eHHblX ClllCTeMoA APY. Iii ecn111 OAlllH KaCKaA, 
oxea"leHHblH APY, 06ecne"!111ean rny6111Hy peryn111poeK111 e 10 pa3, TO TpexKaCKaAHblA ycM
n111Tenb Aaean rny6111Hy peryn111poeK111 e 10x10x10 = 1000 pa3 111n111Ha60 AEi, "ITO no3eonsi
no np111H111MaTb c OTHOClllTenbHO OAlllHaKOBOH rpOMKOCTblO KaK Ha1116onee YAaneHHble 
ManOMOW,Hble CTaHLl,111111, TaK Ill MOW,Hble MeCTHble. 

C caMoro Ha"lana cep111t\Horo npo1113BOACTBa paA111onaMn OAHOH 1113 Ba>KHeAw111x npo-
6neM KOHCTpyKTopoe KaK caM111x naMn, TaK 111 naMnoeoA annapaTYPbl 6blna npo6neMa 
3KOHOMlll"IHOCTlll. np111 3TOM Ha paBHblX CTOSln eonpoc KaK 06 3KOHOMllllll noTpe6nsieMOH 
naMnaMlll 3neKTp03Hepr111111, TaK "' 0 ce6eCTOlllMOCTlll annapaTYPbl B CBSl3111 c KOm11"1e
CTBOM np111MeHS1eMblX naMn. 

'-IT06bl npeACTaBlllTb u,eHy 3TOH npo6neMbl, AOCTaTO"IHO cpaBHlllTb noTpe6neH111e 
aHepr111111 6n1113K111M111 111n111 Aa>Ke OAlllHaKOBblMlll no noTpe6111TenbCKlllM xapaKTep111cT111KaM 
paA111oannapaTaM111 Ha naMnax 111 Ha TpaH3111CTopax. TaK, nS1T111A111ana30HHblA naMnOBblH 
paA111onp111eMHlllK 1-ro Knacca «P111ra-10» noTpe6nsin OT ceTlll 85 BT, aero TpaH3111CTop
HblA co6paT c TO"IHO TaK111M111 >Ke napaMeTpaM111 - «P111ra-101 » - ecero 35 BT. 

CpeAHee 3HepronoTpe6neH111e naMnOBblX Tenee1113opoe Kone6anocb eoKpyr u,111cJ>pb1 
200 BT, TOrAa KaK cerOAHSIWHlllH cynepcoepeMeHHblH u,eeTHOH Tenee1113op c 70-caHTlll
MeTpOBblM 3KpaHOM Ill MHOrQ"llllCneHHblMlll TeXHlll"10CKlllMlll «HaKPYTKaMlll» noTpe6nsieT 
60 ... 80 BT. 3Ta pa3Hlll~ B 50 BT AJlSI np111eMHlllKOB Ill B 120 ... 140 BT AJlSI TeneBlll30POB, He 
AaBaSI HlllKaKlllX none3HblX pe3ynbTaTOB, B OCHOBHOM TpaT111nacb Ha nplllHYAlllTenbHblH Ha
rpee B03Ayxa e noMew,eH111111. 

B TO >Ke epeMSI AO Ha"lana WlllPOKoro lllCnOnb30BaHlllSI TpaH3111CTOPOB Ill nonynpOBOA
HlllKOBblX AlllOAOB cyw,eCTBOBan HeKlllH Hlll)l(HlllA npeAen, Hllt)l(e KOTOporo yMeHbWaTb "llllC
no naMn e np111eMH111Ke 111n111 Tenee1113ope 6b1no HeB03MO)l(HO. Hanp111Mep, e caMOM npo
CTOM cynepreTePOAlllHHOM np111eMHlllKe OAlllH 6annoH Tpe6oeancsi AJlSI npeo6pa30-
eaTem1 "laCTOTbl, KaK MlllHlllMYM OAlllH 6annoH AJlSI Yn'-1, ell.le OAlllH - AJlSI AeTeKTopHoro 
AlllOA8 Ill He MeHee AByx 6annOHOB AJlSI Y3'-I (npeAeap111TenbHblH KaCKaA Ill MOW,HblA OKO
He"IHblA yc111n111Tenb). lilTOro - nsiTb 6annoHoe, a np111 n111TaH111111 OT cern nepeMeHHOro 
TOKa ew,e Ill wecTOH 6annoH AJlSI BblnpSIMlllTensi. 

0AlllH 1113 nepBblX Ill Ha1116onee pacnpocTpaHeHHblX OTe"leCTBeHHblX naMnOBblX Te
neBlll30POB - KBH-49, co6paHHblH no npocTet\wet\ cxeMe npsiMoro yc111neH111si 4-V-2, 
lllMen 17 (!) naMn, 111 lllX KOnlll"10CTBO Y*e 6bln0 HeB03MO)l(H0 yMeHbWlllTb AQ)l(e Ha eAlllHlllU,y. 

noaTOMY nOlllCK nYTlll peweHlllSI npo6neMbl np111een K norn"leCKOMY BblBOAY: ecn111 
Henb3SI yMeHbWlllTb L1111cno naMn e np11eMH111Kax 111 Tenee1113opax, TO enonHe pea11bHO 
yMeHbWl4Tb "llllC/10 6annOHOB, 06beAl.1HlllB B OAHOM 6a11n0He ABe 1.111111 A8)1(0 6011bWee 
"llllC/10 OTA011bHblX 11aMn. 

nepBblM, Ha1116011ee npOCTblM waroM Ha 3TOM nYTH OKa3anOCb C03ASHllle ABOAHoro 
AlllOA8 c o6W,lllM KaTOAOM, A/1SI "lero He np111wnOCb Hlll"lero 111306peTaTb, a OKa3anOCb AO
CTaTO"IHblM «pacnlll11111Tb» aHOA 06bl4HOro AlllOA8 nononaM Ill OT Ka)l(,QOH no110BlllHKlll CAe-
11aTb OTA011bHblA, caMOCTOSIT011bHblt\ BblBOA. TaK nOSIBlll11111Cb Ha CBeT nepeble AByxaHOA
Hbl0 KeHOTOPOHbl AJlSI cxeM AByxno11ynep1110AHb1x eb1npsiM111Te11et\. CpeA11t OTe4eCTBeH
HblX 11aMn aTo 6b111111 40Tblpexeo11bTOBble npsiMOHaKa11bHb1e KeHoTpOHbl Tlllnoe B0-116, 
80-125. 80-188. B0-202, 4BX1. 
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Bee AaJ1bHe£1wee 6blnO y)l(e B npRMOM CMblcne «AenoM TeXHlllKW•. EcTeCTB0HHO, 'ffO 

"' B o6naCTlll C03AQHlllR KOM6111HlllPOBaHHblX llaMn (a lllM0HHO TaK CTBnlll Ha3blBaTb 3110KT

poeaKyyMHbl0 np1116opbl, COA0P)l(all\1110 B OAHOM 6a11110H 6011ee OAH0£1 «OAlllHO"IH0'1» 

118Mnbl) nporpecc onpeA011R11CR, c OAH0£1 CTOPOHbl, CX0MHblMlll noTpe6HOCTRMlll, a c APY

ro£1 - T0XHlll"l0CK0£1 AOCrynHOCTblO TaKoro 06beAlllH0HlllR. 

BcneA aa AB0'1HblMlll AlllOAaM111-KeH0TpoHaM111 n0Rs11111111cb AB0'1Hble AlllOAbl-AeTeK

TOPbl, 111cno11baosasw111ecR B cxeMe ocHOBHoro AeTeKTopa 111 AeTeKTopa cxeMbl APY. 

B STOM Ka"leCTBe nosceMeCTHO 111 AOBOllbHO A011ro np111MeHRnacb 11aMna 8-WTblPbKOB0£1 

M0Ta1111111"10CK0£1 OKT811bH0£1 cep111111 Tl/Ina 6X6 Ill ee CT0K11RHHb1'1aHanor6X6C. 

0AH8KO co speMeHeM soaH111K11a 111A0R nepeHecT111 o6a AlllOAa e KaKy10-H1116yAb APY

ryio «06R38TenbHYIO» naMny. TaK nORBlll11111Cb AB0£1H0£1 AfllOA-TPlllOA Tlllna sn Ill AB0£1H0£1 

AlllOA-n0HTOA Tlllna 658. 

CneAYIOLL\lllMlll «AB0'1H111KaM111» CTan111 MHOroL1111cneHHb1e AB0'1Hb1e TPlllOAbl, aaK1110L1aB

w111e B OAHOM 6an110He ABa cosepweHHO 111A8HTlll"IHblX OTA011bHblX TPlllOAS (6H7, 6H8C, 

6H9C), KOTOpbl0 CM0Hllln111Cb y>i<e MHOrO"llllC110HHblM OTPRAOM «naJlb"llllKOBblX» AB0'1HblX 

TPlllOAOB, B TOM L1111c11e c pa311111L1HblM111 xapaKTep111cT111KaM111 BHYTPM OAHOro !5an110Ha. 

Iii y)l(e noa)l(e np111wna nopa coaAaHlllR KOM611tH111posaHHblX 11aMn He no np111Hu111ny 

npocToro YABOeH111R, a c y"leTOM cxeMHo-¢>yHKUlllOHaJ1bH0£1 ue11ecoo6paaHocT111. TaK 

n0Rs11111111Cb TPlllOA-neHTOAbl, cneu11tanbHO npeAHaaHa'"leHHble A11R cxeM aMnnlllTYAHblX 

ce11eKTopos Te11es111aopos 111 A11R pa6oTbl s Ka"leCTBe npeo6paaosaTenef,; e AlllanaaoHe 

YKB, TPlllOA-neHTOAbl (yc11111111Te11111 MOLL\HOCTH) AllR cxeM Y3'"1 lit sepT111Ka11bH0£1 paa

eepTKlit e Tenes111aopax, TPlllOA-remOAbl AllR npeo6paaosaH111R "laCTOTbl s pQA111onp111eM

H111Kax lit T. A· 

,D,anbHe'1wee ABlll)l(8Hllle B 0611acT111 ynnOTH8HlllR 68J1110HOB H00>klitA8HHO HSTOnKHy-

110Cb Ha HOBOe npenRTCTBllle - H8XB8TKy CB060AHblX «H0)1(0K» Ha UOK0110. ,D,eACTBl/IT811b

HO, AQ)l(e npocro'1 AB0£1H0£1 TplitOA «Cb0Aa11» 6 H0)1(8K Ha BblBOAbl CSMlitX sneKTPOAOB 

Ill 2 HO)l(Kllt Ha BblBOAbl nOAOrpeeaTellR, T. e. 8 HO)IC8K 1113 9-Tlll MaKClllM8nbHO B03MO)ICHblX, 

a sKpaHHaR ceTKa TPlllOA-neHTOAS aaH111Mana nocneAHIOIO, A8BRTYIO HO)l(Ky, BblHy>KASR 

aHT111A111HaTpOHHY10 ceTKy coeAlllHRTbCR c KaTOAOM BHYTPlll 6an110Ha. 

TaK "ITO np111 paaMelL\eH11t111 BHYTPlll OAHOro 6a11110Ha, CKa)l(eM, AByx neHTOAOB np111xo

A11tllOCb lllATlit Ha RBHO H0)1(enaT811bHbl8 )IC8PTBbl: A8118Tb y 06011tx neHTOAOB 06LL\YIO 3K

paHHYIO ceTKy 111 coeA11tHRTb BHYTPlll 6an110Ha AllR BblBOAS Ha OAlllH 06LL\MA WTb1peK cpaay 

4 3110KTPOA8 - ABa KaTOAS Ill ABe aHTlllAlllHSTPOHHble ceTKlll nlllOC CTST111"18CKlll'1 3KPSH 

Me)l(Ay 8HOA8Mlit neHTOAOB (AllR npeAOTBP8LL\0HlllSI lllX B38111MHOro Blll/IRHlllR). 

CaMblM npoCTblM 111 nOrlll"IHblM oKaaanocb yse11111L1eH111e '"1111c11a HO)ICeK-BblBOAOB B OA

HOM 68J1110H0. np11t 3TOM n011y'"!8n0Cb, "ITO AOl58Bll0Hlll0 AQ)IC9 OAHOrO 111/!WHero WTblpbKa 

noasonRnO BTlllCHYTb B 6annoH AOn011HlllT011bHYIO naMny (Hanp111Mep, AMOA). noRBlll110Cb 

AQ)Ke Bb1pa)l(eH111e «HO)ICK0'1 6onbwe - 11aMnoA M0HbWe», noApaayMesaewee, "ITO yse-

11111L1eH111e '"llllCJla WTblpbKOB B HOBblX KOM6111HlllPOBSHHblX 11aMnax Ha 8AlllHlllUY n03B011R110 

nplllM0HRTb B cxeMe OAlitH 6annoH BM8CTO AByx CTSpblX. 

B Hawe£1 CTpaHe A0CRTlllWTblpbKOBble «naJ1b"llllKOBbl0» 11aMnbl He 6bl11111 OCB08Hbl, TOr

AS KSK aa py60)1C0M noRBlllllaCb ue11aR cep111R TSKlllX 11aMn, H83BaHHblX no "llllClly H0)1C8K 

cep111e£1 «A0Ka11b» (B Espone OHS 6011bW0 1113B8CTHa nOA lllMeHeM «AByxCOTSR» ceplllR). 

B Ka"leCTBe np11tMepa MO)ICHO np111secT111 TPlll Ha1116011ee T11tn111L1Hble 111 pacnpocTpaHeH

Hble HeMeUKllle 11aMnb1: TPlllOA-neHTOAbl ECF-200(201) 111 PCF-200, neHTOA-OKOHe"IHb1'1 

neHTOA Tlllna EFL-200 (PFL-200) Ill TPlllOA-renTOA Tlllna ECH-200 (PCH-200). 

0AH0'11113 HOBe£1w111x paapa6oTOK MHOrOWTblPbKOBblX 11aMn (oco6eHHO aa py6e)ICOM) 

CTaJllll TaK Ha3b1Ba0Mble KOMnaKTpOHbl - U811bHOCT8K11RHHble naMnbl c 12-WTblpbKOBblM 

UOK0110M. CHiii BblnYCKalOTCR ABYX AlllaMeTpOB - 30 Ill 40 MM 111 BblCOT0£1 OT 38 AO 

95 MM Ill COA8P)ICaT 2-3 nOllHOCTblO HeaaelllCHMbl8, paa06LL\0HHb18 11aMnbl, Hanp111Mep 

ABa Tp1110AQ 111 eb1xoAH0£1 neHTOA, ABa B'"l-neHTOAS A11R Yn'"I Te11ee111aopoe, BblXOAHYIO 

11aMny CTPO'"IH0£1 paaeepTKlll Ill A8Mn¢>epHb1'1 AlllOA Ill T. n. 
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Coa,a.aH111e KOMnaKTpOHOB OKa3anocb 01.1eHb BbtrOAHO SKOHOM1111.1ecK111. CTOlllMOCTb OA

Horo KOMnaKTpOHB 6b1na Hlll:>Ke CYMMBPHOli1 CTOlllMOCTlll 3BMeHReMblX naMn Ill naMnOBblX 

naHeneK. no HeKOTOPblM A(lHHblM, Hanp111Mep, 7 KOMnBKTPOHOB Ill 1 nonynpoBOAHlllKO

Bblli1 AlllOA nonHOCTblO aaMeHRIOT B Tenee1113ope 15 06bl"IHblX naMn Ill 3 AlllOAa 111n111 

23 TPBH3111CTopa 111 11 AlllOAOB, He c1.1111TaR «oceo6o>KAa10W.lllXCR» np111 3TOM APYrlllX cxeM

HblX sneMeHTOB - pe3111CTOPOB, KOHAeHCBTOPOB, KOHTYPHblX KBTYWeK. 

Hanp111Mep, KOMnaKTpOH aMep111KaHCKoro npOlll3BOACTBa rnna 9BJ11, COCTOS'll~lllli1 1113 

AByx B'i-neHTOAOB yny1.1weHHOli1 KOHCTpyKu,111111 111 c BblCOKoli1 KPYTlll3HOli1 xapaKTep111cT111K 

06ecne1.11110an B Tenee111aope yc111neH111e no n'i 6onee YeM B 30000 paa, 3BMeHRR TPlll 

06bl"IHblX neHTOA(l. 

lilcnonb30BBHllle HOBeli1w111x KOHCTPYKU,lllOHHblX MBTep111anoe Ill coepeMeHHblX BblCO

KlllX TexHonornli1 no3eon111n111 6onee YeM BABOe nOBblClllTb HBAe>KHOCTb KOMnaKTPOHOB, 

AOBeAR I/IX AOnroeeYHOCTb AO 5 neT. 
y HBC B CTpaHe KOMnaKTpOHbl AnR w111p0Koro np111MeHeHlllR He BblnyCKBnlllCb. 

noABOAR lllTOr TeMe sneKTpOBBKyyMHblX np111eMHO-yc111n111TenbHblX naMn cneAyeT CKa-

3BTb, "ITO CBeAeHlllR, KOTOpble Mbl 111ano>1<111n111 B 3TlllX Tpex 3BHRTlllRX, npaKTlll"leCKlll nonHO

CTblO 111c1.1epnblBBIOT TOT MlllHlllMyM, KOTOpblli1 cneAyeT 3HBTb cerOAHRWHeMy IOHOMy pa

AlllOn106111Ten10, nOCKOnbKY 90% ero 6yAyw.eli1 npaKTlll"leCKOli1 AeRTenbHOCTlll 6YAYT CBR-

38Hbl He c PBAlllOnaMnBMlll, a c nonynpOBOAHlllKOBblMlll BKTlllBHblMlll sneMeHTijMlll -

TpaH3111CTOPBMlll Ill MlllKpocxeMBMlll. 

VI TeM He MeHee 3Tlll CBeAeHlllR BOBCe He OKB:>KYTCR 6annaCTOM: Ha np111Mepe PBAlllO

naMn Mbl n03HBKOMllln111Cb (111 np111TOM AOCTBTO"IHO nOAP06HO) c 06114MM npMH"'MnOM 
pa60Tb1 n106b1x aKTlllBHblX PBAlllOsneMeHTOB, 06ecne1.1111eaiow.111x yaeni.t11teHi.te MOIJ4HO· 
CTM (111n111, KaK 6onbwe np111HRTO roeop111Tb, yci.tneHi.te) pa3n1111.1Hb1x sneKTp1111.1ecK111x c111r

Hanoe. 

Iii XOTR $11131/!KB pa60Tbl CBMlllX nonynpoBOAHlllKOBblX sneMeHTOB cyw,eCTBeHHO OTnlll-

1.1aeTCR OT <1>1113111K111 npou,eccoe, npo111cxoARw.111x BHYTPlll PBA111onaMnb1, npi.tH'-'"'" yci.tne
HMR CMrHanoa Ill AnR TPBH3111CTOPOB, Ill AnR MlllKpocxeM Hlll"leM He OTnlll"IBeTCR OT np111H

u,111na yc111neHlllR ClllrHanoe PBAlllOnaMnoli1. no3TOMY YCBOlllTb nplllHU,llln pa60Tbl TPBH3111C

TOpHoro yc111n111TenR 6yAeT ropaa,a.o npow,e, 3HaR np111Hu,111n pa6oTbl eaKyyMHoli1 pQA1110-

naMnb1. 

0AHaKO npe)l(Ae 1.1eM nepeli1Tlll K paCCMOTpeHllllO nonynpoBOAHlllKOBOli1 sneMeHTHOli1 

6a3bl, Mbl Ha cneAYIOW.lllX 3BHRTlllRX O"leHb KPBTKO n03HaKOMlllMCR c nplllHU,lllnOM pa60Tbl 

APYroli1 rpynnb1 sneKTpOHHblX np1116opoe - sneKTpOHHO-nyYeBblMlll Tpy6KaM111 111 raaoHa

nonHeHHblMlll naMnaM111. 

A Tenepb nocne He6onbwoli1 «nepeMeHKlll» nepeli1AeM KO eTopoMy ypoKy cerOAHRW

Hero 3aHRTlllR. 

YpoK 2. OEPA30BAHME EMEHMM 
nPM CflO)KEHMM llBYX lJACTOT 

Ha npeAblAYW.eM 3aHRTllllll Mbl HaWnlll HaKOHeu, cnoco6, n03BOnRIOW,lllli1 He TPnbKO Bbl

YAlllTb 1113 np111eMHOli1 aHTeHHbl ClllrHan eAlllHCTBeHHOli1 HY:>KHOli1 HaM CTaHU,111111, HO Ill HBAe>K

HO 11136aBlllTbCR OT Mewaiow.ero Aeli1CTBlllR ABYX COCeAHlllX CTBHU,lllli1, ocna6111a Ill}( ClllrHBnbl 

Ha 40 111n111 ,D,a>Ke 60 A6 c noMOW.blO nonocoeb1x cj>111nbTpoe 111n111 <1>111nbTpoe cocpe,l'J,OT01.1eH

H01i1 ceneKu,111111. 

MHoro3eeHHb1e Cl>CC cj>aKT1111.1ecK111 pewa11111 3ap,a1.1y nony1.1eH111R 11io6oli1 111a6111paTe11b

HOcT111 np111 01.1eHb xopoweli1 een1111.1111He HepaaHoMepHOCTM A"tX a npeAenax nonocbl 
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nponycKaHMSI. 0AHaKO np111 cep111iilHOM npOlll3BOACTBe paA111oannapaTYpb1 B03HlllKa11111 

TPYAHOCTlll c HaCTPOiilKOiil KOHTYPOB TaKlllX ¢>CC, noCKOllbKY 1113-3a He11136e>KHOro B3alllM

HOro e11111s:1H111s:i OAHlllX KOHTYPOB Ha APYrllle np111 TO'IHOiil HacrpoiilKe o'lepeAHoro KOHTYPa 

npOlllCXOAllllla He3Ha'llllTellbHas:i paccrpoiilKa npeAblAyw.ero, TOllbKO '!TO HaCTpoeHHOro 

KOHTYpa, a ero O'lepeAHas:i nOACTpoiilKa B CBOIO O'lepeAb Bbl3b1BaJla paccrpoiilKy ClleAy

IOUJ,ero KOHTYpa. 

3TO Bbl3b1Ba110 Heo6XOAlllMOCTb MHOroKpaTHOiil nOACTpoiilKlll ecex KOHTYPOB ¢>CC B 

npou,ecce HaCTPOiilKlll np111eMHlllKa 11111111 TelleBlll30pa, '!TO pe3KO CHlll>KaJlO npOlll3BOAlllTellb

HOCTb TPYAa 111, maeHoe, npens:ircTeoeano aaToMaTM3814MM npou,ecca npo1113BOACTBa. 

YcrpaH111Tb 3TOT HeAocraroK YAallOCb pa3pa60TKoiil TaK Ha3b1eaeMb1x TaepAOTenb
HblX «1>111nbTpoa. He BAaeas:icb e aHan1113 <1>1113111K111 pa6oTbl TaK111x <1>11111bTpoe, yKa>KeM, '!TO 

B OCHOBe lllX pa60Tbl lle>KlllT pa3HOe noBeAeHMe nbe3oKepaMMKllt Ha pa3HblX "'18CTOTax. 
3TO n03B011s:leT nyreM COOTBeTCTBYIOUJ,ero noA6opa COCTaea Ill KOH<!>lllrypau,111111 nbe30-

KPlllCTal1110B no11yL1111Tb PaAlllOKOMnoHeHT, He c0Aep>Kaw,111iil lllHAYKTlllBHocreiil, HO 0611a

Aat0w,111iil onpeAelleHHOiil, HanepeA 3aAaHHOiil ALIX, KOTOpasi OCTaeTCSI Helll3MeHHOiil Ill 

OAlllHaKOBOiil BO ecex 1113Aellllls:IX AaHHOro BlllAa. 

npoMblWlleHHOCTblO BblnYCKalOTCSI u,ellble cep111111 caMblX pa3H006pa3HblX nbe30-

<1>11111bTPOB Alls:! 111cn011b30BaHllls:I B TOM 11111111 lllHOM BlllAe PaAlllOannapaTYPbl. ,D,aHHble He

KOTOpblX <l>lllllbTPOB, BblTIYCKaeMblX OTe'leCTBeHHOtii npOMblWlleHHOCTblO, np111BeAeHbl 

B Ta611. 3. 

Ta611111u.a 3 

JJ,AHHblE nbE30KEPAMlllYECKlllX <!>lllJlbTPOB OTEYECTBEHHoro nPOlll3BOJJ,CTBA 

Tl'ln ¢HnbTpa CpeAH!l!l 'iacTOra nonocbl nonoca nponycKaHl'ISI 111361'!paTenbHOCTb npl'! pacc-rpoi1Ke 
nponycKaHl'ISl, Kru Ha YPOBHe 6 A5, Kru Ha ±9 Kru. He MeHee, A5 

<!>n1n-1M 465±2 7 ... 9,5 40 

ci>mn-2 465±2 8,5 ... 12,5 40 

ci>nm-022 465±2 10,5 ... 14,5 26 

ci>nm-023 465±2 8 ... 11,5 40 

ci>nm-024 465±2 8 ... 11,5 35 

ci>nm-025 465±2 8 ... 11,5 30 

ci>mn-026 465±2 7 ... 10,5 26 

ci>nm-021 465±2 8 ... 11,5 35 

<i>m n-041 465±2 4,6 ... 7 .55 

ci>nm-042 465±2 4,6 ... 7 50 

ci>mn-043 465±2 4,6 ... 7 46 

<i>nm-049-a 10700±100 150 ... 200 HeT AaHHblX 

ci>m n-049-6 10700±100 200 ... 280 H0TA8HHblX 

np111 lllCnOllb30BaHllllll nbe30<l>11111bTPOB B KOHKpeTHOM PaAll10annapaTe Alls:! KOMneH

cau,111111 lllCKa>KeH111iil, BHOClllMblX B CKB03HYIO ALIX caMoiil cxeMoiil, Ha BXOAe 111 Ha BblXOAe 

nbe30<1>11111bTpa o6bl'IHO BK11t0<iat0T no OAHOMY OAlllHO'IHOMY pe30HaHCHOMY KOHTYPY. Ha

cTpoiilKoiil KOTOpblX YAaeTcsi c<1>opM111poeaTb Heo6xoA111Myt0 ALIX AaHHoro <l>YHKU.lllOHanb

Horo 6110Ka. 

Bee 3TO o<ieHb xopowo, ec11111 6b1 see srn ¢>CC 111 nbe30<1>11111bTpb1 MO>KHO 6b1110 111c

no11b30BaTb no CBOeMy npsiMOMY Ha3Ha'leHllllO (OTCTpOiilKll1 OT coceAHlllX Mewat0w,111x 
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CTaH~llliil) B np111eMHll1Kax npffMOrO yc111neHll1ff np111 nepecTpOiilKe co CTaH~lill/1 Ha CTaH~llllO 

111n111 np111 nepexoAe c OAHOro A111ana3oHa Ha APYroiil. 0AHaKo Mbl y6eA111n111cb, "ITO 3TO 

H0B03MO:>KHO, nOCKOnbKY Cl>CC Ha 111HAYKT111BHOCTffX 06ecne1.1111BaeT c<1>opM111poBaHHYIO 

A"IX TOnbKO Ha OAHOiil onrnManbHOiil 1.1aCTOTe, a TB0PAOT0nbHbl0 <1>111nbTpbl B006ll.\0 

Henb3ff nepeCTPOlllTb Ha APvrne 1.1acTOTbl. 

YnOMffHyn111 Mbl TaK:>Ke 111 0 TOM, "ITO 3TY 3aAal.ly OKa3anOCb B03MO:>KHblM pew111Tb 

B np111eMH111Kax c npeo6pa30BaH111eM 1.1aCTOTbl, TaK Ha3blBaeMbtx cynepreTepoAMHax. 
Ha 3TOM ypoKe Mbl nonblraeMCff BblffCHll1Tb, 1.1To :>Ke 1113 ce6H npeACTaBnHeT cynepre

TepOAlllHHbliil cnoco6 PaAll10np111eMa, HO nepeA 3Tll1M HaM 6yAeT COBepweHHO He06XOA111-

MO pa3o6paTbCff c OAH111M $1113111"10CKll1M ffBn0Hll10M, ne:>Kall.\lllM B OCHOBe OCHOB cynepre

T0POAll1HHOro np111eMa. Ill ceiil1.1ac Mbl 3Tll1M 111 3aiilMSMCff. 

BH111MaTenbHO paccM0Tp111M p111c. 12. Ha rpa<1>111Kax a 111 6 111306pa:>KeHb1 ABa aneKTp111-

1.1ecK111x c111rHana OA111HaKOBOiil aMnn111TYAbl c OAlllHaKOBOiil Ha"lanbHOiil <!>a30iil, pa3n1111.1a

IOL1.\1110Cff '18CTOTOii. 
01.1eB111AHO, "ITO 1.1acT0Ta c111rHana a awwe 1.1acTOTbl c111rHana 6. Tenepb B03bMeM npo

CToiil KapaHAaw, M111nn111MeTpoBy10 n111Heii1Ky 111 nonpol5yeM cno>Kll1Tb 3Tll1 ABa c111rHana 

c y1.1eTOM 111X Benll1"1111Hbl 111 3HaKa Anff Ka:>KAOiil TO"IKll1 rpa<1>111Ka. 

Ecn111 npoAenaTb 3TY pa60TY Tll.\aT0nbHO 111 aKKYPaTHO, nonY1.1111TCff HOBbliil rpa$111K - B, 

0To6pa>Ka10ll.\111iil anre6pai.t11ect<y10 cyMMY arnx ABVX c111rHanoB. noAaB 3TOT cno:>KHbliil 

c111rHan Ha OAll1H0&.1Hb1iil pe3oHaHCHbliil nepecTpa111aaeM1:11ii KOHTYP. Mbl Mo>KeM 6e3 Tpy

Aa CHOBa BblA0nll1Tb noo11ep8AHO Ka:>KAbliil 1113 ABVX Cll1rHanOB no OTA0nbHOCTll1, HaCTpa111-

Baff pe3oHaHCHbliil KOHTYP Ha 1.1acTOTY 3Toro c111rHana. 

Ill 3TO Bee. H111KaK111x APYrlllX c111rHanoB 1113 aToro cyMMapHoro c111rHana Mbl BblAen111Tb 

He CMO:>KeM, noCKOnbKY B 'IMCTOM BMA8 111X TaM npoCTO HST. A Tenepb nOAaA111M 3TOT 

CYMMapHbliil ClllrHan Ha nio6oiil Hen111HeiilHbliil aneMeHT, Hanp111Mep Ha CaMbliil 06b1KHOB0H

Hbliil A0T0KTOp-BblnpffMITT0nb, 111 BHll1MaTenbHO paCCMOTPll1M rpa$111K r. 
,0,eTeKTop, KaK 111 nonaraeTCff, «0Tpe>K0T» HaM B 3aBll1C111MOCTll1 OT nonHpHOCTl/1 BKnl0-

"10Hll1ff n11160 Hll1>KHIOIO, n11160 BepxHIOIO nonoB111Hy Kp111Boiil. Ha rpa<1>111Ke r OKa3anacb OTpe-

3aHHoiil Hll1>KHffff (0Tp111~TenbHaH) 'faCTb rpa<1>111Ka s, a ocraBwaHCff nono:>K111TenbHaff no

noB111HKa npeACTaBnHeT co6oiil HenpepbtBHO 1113MeHHIOll.\00Cff no Ben1111.1111He nocTOSIHHOe 
HanpS1>KeH111e nono>KMTenbHOi nonHpHocTM, 111n111 111Ha1.1e - nynbc111py10ll.\ee HanpH>Ke

H111e. A TaKoe Hanpff:>K0Hll10, KaK Mbl 3HaeM, COA0P:>Kll1T ABS COCTaBnfflOll.\1110: &fll1CTO nocTO

ffHHOe Hanpff:>K0Hll10 HeKOTOpoiil CP0AH0iil Benll1"1111Hbl 111 nepeMeHHYIO COCTaBnfflOll.\YIO Ha

npff:>K0Hll1ff nynbca~111111. 

0AHaKO B HaweM cny1.1ae caMa noCTOffHHaff COCTaBnfflOll.\aff He ocraeTCff H01113M0H

HOiil, a HenpepblBHO 1113M0Hff0TCff BOKpyr H0KOTOPOiil CPSAHeiil Benll1"1111Hbl, 111 3Tll1 1113M0He

Hll1ff HOCffT xapaKTep nepeMeHHoro C111HYCOll1AanbHOro Hanpff:>K0Hll1ff, KOTOpoe Ha rpa<1>111-

Ke o603Ha"leHO nyHKTll1POM. Ill ecn111 BHlllMaTenbHO cpaBH111Tb 3TY HOBYIO Cll1HYC0111AY 

c ABYMff 111CXOAHblMll1, TO MO>KHO c YA111Bn0H1110M o6HaPY>Kll1Tb, "ITO OHa He COBnaAaeT no 
'18CTOTe Hiii C OAHOfil 1113 Hll1X. 

,0,a:>Ke Ha rna3 B111AHO, &fTO 3Ta HOBaff 1.1aCTOTa HM>Ke 1.1aCTOT 060111x 111CXOAHblX c111r

HanOB. A ecn111 6b1Tb TO"IHblM, aTa 1.1aCT0Ta paBHa paaHoCTM 11acTOT 111cxOAHblX c111rHa

noB. Ill 3TO npaB111no coxpaHff0TCff Anff nl06blX ABVX "laCTOT. 3anOMHll1M 3TO: ,D,Jls:I mo-
6blX ,0,BYX "IACTQT. noTOMY "ITO 111M0HHO 3TOT $aKT 111 ne>Kll1T B OCHOBe cynepreTepo

A111HHOrO np111eMa. 

Ill 0ll.\0 3anOMHll1M, "ITO Bb1A0nll1Tb 3TOT HOBbliil, pa3HOCTHbliil ClllrHan 1113 CM0Cll1 ABVX 

1.1aCTOT B03MO>KHO TOnblCO Ha HenMHeHHOM aneMeHTe! 
A Aanbwe y>Ke 3Ha1.1111TenbHO npoll.\e. Ecn111 cMew111BaTb MS>KAY co6oiil ABa c111rHana 

caMblX pa3H006pa3HblX 1.1aCTOT, OTCTOffll.\lllX APYr OT Apyra Ha OAMH8KOBblH MHTepaan, 
TO nony1.1a10ll.\affCff BO BCex cny1.1aHX np111 A0T0KTll1POBaHll1111 p83HOCTH8SI 't8CTOT8 6yA0T 

OAHOiil 111 TOiil >Ke. lllHblMll1 cnoBaM111, CM0Wll1Baff M0>KAY co6oiil Cll1rHaJlbl c 1.1aCTOTaM111 
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200"' 660 Kr~. 11t1111t 1000"' 1460 Kr~. 11t1111t 1540 1r1 2000 Kr~. Mbl eo ecex Tpex cny'laRx 

6yAeM no11Y'laTb OAHY 11t TY >Ke paaHOCTHYIO -t8CTOTY (ee o6bl'lHO Ha3blBalOT np0Me:11<y
TOlllHOA) l!S 460 Kr~. 

Tenepb eepHeMCR K xopowo "13Y'l9HHOMY H8Mllt A9T9KTOPHOMY np11teMH"1KY "' ecnoM

HlltM, 'lTO np11t nepecTpo£1Ke 9A"1HCTBeHHoro BXOAHOro KOHTYPa c OAH0'1 'laCTOTbl Ha APY

ryio Ha A9TeKTope Bb1A011H9TCR noCTORHHQR COCTQBllRIOW,aR "' H"13KO'laCTOTHaR «or1r16a

IOU48R" 3BYKOBOrO c11trHa11a. 3TO B TOM cny'lae, BC11"1 np1r1XOARW,11t£1 C"1rHa11 npOMOAY11"1-

poeaH. 
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np111 A0T9KTlllPOB8Hllllll CM9Clll AByx pa3HblX "ISCTOT 



A ec111.1 a 3TOT MOMeHT a pa.Q111onepe,&a4e Hae-ryn11111a nayaa 1.1 HlllKakoro MOAy111.1py-

10ll.\ero c1.1rHana HeT? TorAa Ha A0TeKTOpe Bb1A9JllllTCR TOllbKO 'fl.1CTBR nOCTORHH8R CO• 

CTaBl1RIOll.\8R. 

,D,orosop1.1MCR C'fl.1T8Tb, 'fTO nayaa 0Ta H8AOllrO S8TAHYJ18Cb, a Haw npl/leMHMK H8-

CTpoeH TO'fHO Ha 'faCTOTY 8 1000 Kru,. Tenepb, Hli'l"lero He MEIHRR 8 HSCTpOlliKe nplll0MHM

Ka, nOAB0A0M K AeTeKTOpy OT BH0WHero, nOCTOPOHHero reHeparopa Cli'IHYCOlllAanbHblA 

H0MOAYl1111POBaHHbliil c1.1rHan c 'faCTOToA, OKa>KeM, B 540 Kru,. B orporoM OOOTB8TCTBllllll 

c BblWepaCCMOTpeHHblM npou,eccoM Ha A0T0KTOpe OKa>KYTCR RBHO Bblpa>KeHHbl£1 CMrHan 

CM0Clll ABVX 'faCTOT "' H0RBHbliil, «CKpb1Tbl'°1• Cli'lrHall HOBOi.11, npoMe>KyrO"IHOiil 'faCTOTbl, 

paBHOiil 1000 - 540 = 460 Kru,. nonpo6yeM Bb1AeJ111'1Tb 3TOT c111rHan, nOAKJllO'flllB K A9T0K· 

ropy HOBbliil pe30HaHCHbl£1 KOHTYP. H8CTpoeHHbliil T04HO Hlil npoMe)l(}'TO'fHYIO 'faCTOTy 

B 460 Kru,. 

CoBepweHHO o4e811tAHO, 'fto lllcxoAHble cMrHMbl 111 11tx cyMMapHbltli c11trHan oKa>KyTcA 

ClllllbHO oc11a611eHHblMl.1 1.'111111 Al!X<e np8KTl.'l40CK"1 nonHOCTblO nOABl!IJ18HHb1Mli'I, nocKOJ1bKY 

OHi/i AaneKO OTCTORT OT npoMe>KyTO'fHOA 48CTOTbl, HB l<oropyro HacrpoeH HOl!lbltii KOHTYP. 

1.1 Ha BblXOAe HOBOro KOHTYPa ocraHeTCR J11.1Wb Cli'lrHan npoMe>KyTO"IH0£1 'faCTOTbl. HeMo

AY111.1POBaHHbllii, 38M0Tli'IM, ClllrHan, nOCKOJ1bKY o6a MCXOAHblX Cl.1rHa11a, nOAB0A0HHblX 

K AeTeKropy, a ,AaHHbli MOM8HT (BO BpeMR 3aTRHyBweilteA nay3bl) He MOAY11li'IPOB8Hbl. 

Ho BOT nayaa 3aKOH'fllll18Cb, Ill OAll'IH 11'13 Cli'lrHanOB (8XOAH0£1) OK83MCR npoMOAY11111POB8H. 

A 'fTO 3TO o3Ha'faer? A 3TO o3Hal.faer, 'fTO cpeAHee 3Ha'leHMe nocroRHH0£1 'cocrae11R-

10ll.\etli Ha AeTeKTope, KOTOpoe lit RBJ1R0TCR HOBOiil npOM0>KyT04HOlii 'laCTOTOiil, Ha'fH0T lllS

M0HRTbCR 8 TaKT c MOAY1111'1PYIOll.\l.1M Cl/lrHanOM, T. e. BblCOKO"laCTOTHbliil ClllrHan npoMe• 

>KyTO'fH0£1 'faCTOTbl OKa>KeTCR B TO'fHOCTlll npoMQAy11111poeaH, KaK 1.1 nplllHll'IMaeMbliil BXOA

HOH c1.1rHan Haweli1 PBAll'IOCTBHl.4111111. TonbKO renepb 3TOT 011trHan OKa>KercR nepeHeceH 

c 'faCTOTbl 1000 Kru, Ha 'faCTOTY B 460 Kru,. 

'-ITO Mbl OT 3TOrO Bbllllrpan111? noKa Mbl A0HCTBlllT911bHO Hli'l"19rO He Bbllllrpanlll, a CKO

pee npo1.1rpa11111, YCllO>KHl.18 np1.10MHlllK BB0A0Hlll0M JJ,OnOl1HlllT0l1bHOrO KOHTYpa. 

0AHaKO He 6yAeM cneWlllTb, a npOB0A0M Haw 3KCneplllM0HT AaJlbWe. nepecrpo1.1M 

Haw np111eMHl.1K c np1.1H11tMaeM0£1 'faCTOTbl Ha 'faCTOTY, AOnyCTll'IM, B 1350 Kru, 1.1 OAHO

epeMeHHO 111aMeH11tM 'faCTOTY BcnoMorarellbHoro reHeparopa c 540 Ha 890 Kru,. Ha Bbl

XOAe A0T0KTOpa Mbl nony'flllM npoMe>KyrO'fHYIO 'faCTOTY, pa~HYIO 1350 ... 890 Kru,, 

T. e. KaK Ill B nepeoM CllY'fae - 460 Kru,. l-1 3Ta npoMe)l(}'TO'fHaR 'f8CTOTa 6yAeT npoMOAY-

11111poeaHa c1.1rHanoM Y>Ke Apyrotii np11tH111MaeM0£1 craHu,111111. 

A ec111.1 Mbl H8CTPOl.1M np11teMHlllK HS 'f80TOTY B 1780 Kru,, a AOnOJ1HlllT&l1bHbl£1 reHepa

TOP - Ha 'faCTOTY B 2240 Kru,, 'fTO TOrAQ? l-1 TOrAB npoMe>KyTO"IHBR 'facrora 0Ka>K0TCR 

paeHotii 2240 - 1780 = 460 Kru,. 

C noMOll.\blO OAHoro AOno11H111re11bHOro reHeparopa c nepeerpa111aaeMoli1 l.facrorotii 

Mbl A06111l1111Cb roro, 'fTO BM0CTO nOCTORHHO 1113M0HRIOll.\lllXCR no "IBCTOTe c1.1rHanoa np111-

HlllMaeMblX CTaHLJ,1.1£1 Mbl nOl1Y'f1111111'1 Cli'lrHan HeKoropoli1 HOB0£1, npOM0>KyTO'fH0£1 'faCTOTbl, 

OCTalOll.\etlicR H81113M8HHOi np111 Hacrpoli1Ke np111eMHl/IKa Ha 11io6y10 CT8HL\llllO 8 11I060M 

AlllanaaoHe, 6yAb To ,D,B, CB 11111111 KB. l-1 3TOT HOBbltii c111rHan ecerAB OKa3blBaercs:i npo

MOAy11111poBaH Hlll3KO'f8CTOTHblM Cli'lrHMOM O'fepeAH0£1 npl.1HlllM80M0£1 CTaHU,111111. 

To eCTb no CYll.\eCTBY Mbl CB0l111'1 np111eM MHO>K0CTBa craHU,111£1 8 MHOrOAl.1ana30HHOM 

np111eMHl/IKe K np111eMy OAHOR CT&HL\111111 Ha Helll3M8HHOi 4>MKClllPOB8HHOi (npoMe>KY

TO'fHOi) 'f8CTOTe. 

l-1 renepb Mbl Bnpaee Ael18Tb c 3T0£1 "!aCTOTOli1 Bee, 'fTO HaM B3AYM88TCS!: yc111111.1BaTb 

ee MHOrOK8CK8AHblMlll llBMnOBblMlll 11111111 rpaH3111CTOPHblMl.1 yc11111111Tel1RMlll, cj>OpMlllPOBaTb 

'faCTOTHYIO xapaKTeplllCTlllKY c noMOll.\blO no11ocoeblX cj>lllllbTPOB, <!>CC 11111111 nbe30cj>lll11bT

POB, HlllM8l10 He aa60TRCb 0 He06XOAlllMOCTlll C110AlllTb 3a noBeAeH111eM BXOAHOro KOHTY

pa np111 nepexoAe c np111eMa OAHOli1 'facrorb1 Ha APYrylO 11111111 c OAHOro AlllanaaoHa Ha 

APYroli1. 
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60nbwe Toro: TeopeT11NeCKlll MO>KHO eoo6w,e OTK83aTbCSI OT BXOAHOro KOHTypa Ill no
AaBaTb Ha AeTeKTOp cpaay ece CHrHanbl, nplllCYTCTBYIOW,llle B aHTeHHe. Bee paBHO 
B STOM CJly<fae KOHTyp ny BblAelllllT ClllrHan TOJlbKO TOii1 CTaHl..llllH, 'faCTOTa KOTOpOii1 06pa-
3yeT c 'faCTOTOii1 ecnoMoraTeJlbHOrO reHepaTOpa pa3HOCTHblii1 CHrHan, paBHblii1 no 'faC
TOTe TOii1, Ha KOTOpyro HaCTpOeH KOHTyp nY. A np111MeH11tB BMeCTO STOro KOHTypa nY no
J10COBOii1 <1>111nbTp 11111111 <l>CC, Mbl MO>KeM o6ecne'f111Tb nO'fTH lllAeBnbHYIO 111a6111paTeJ1b
HOCTb no COC0AHeMy KaHany, 'fTO 6blJ10 TeopeTlll'feCKlll HeB03MO>KHO AOCTlllrHYTb B np111-
eMHlllKe npsiMoro yc111neHHSI. 

Ill 'fTO AJlSI sToro OKaaanocb HY>KHblM? Bcero-To HH'fero: OAlllH AOnonHHTenbHblii1 npo
CTeii1w111ii1 reHepaTOp, KOTOpblii1 6yAeT nepeCTpalllBBTbCSI no 'fBCTOTe OAHOBpeMeHHO co 
BXOAHblM KOHTypOM. A STO AJ1SI Hae - paa nnlOHYTb. HY>KHO KOHAeHcaTOp, 06paayrow,111ii1 
peaoHaHCHblii1 KOHTyp AOnOJ1HlllTeJ1bHOrO reHepaTOpa, BMeCTO nOCTOSIHHOro CAenaTb 
nepeMeHHblM, Ill HBCBAlllTb OCb SToro nepeMeHHOro KOHAeHcaTopa Ha OCb KOHAeHCaTO
pa HaCTpOii1Klll BXOAHOro KOHTypa. np111'feM o6a KOHAeHCaTOpa CAenaTb OAHHaKOBOii1 eM
KOCTlll - 111 ece Aena! KPYTlllWb OAHY o6w,yro PY'fKY, a nepecTpaHearoTcsi OAHoepeMeHHO 
o6a reHepaTOpa. A paaH1111..1a 'faCToT oCTaeTcsi He111aMeHHoii1. 

0AHaKO Hlll'fero xopowero H3 3TOii1 3aTelll y Hae He nOJ1Y'fHJ10Cb 6bl, VI pa60TaTb TaKoii1 
np111eMH11tK He Mor 6bl e np111H1..1111ne. 

A eoT no'feMy, 06 STOM Mbl noroeopHM Ha cneAyrow,eM aaHstTHlll. CeroAHst >Ke npo
AOn>1<111M aHaKOMlllTbcsi c O'fepeAHblMlll TexHonornsiMH PBA11tonro6111TenbcKo.ii1 AestTenbHO
CTlll, KoTopble HaM np111roAstTcsi KaK np111 06opyAQeaHH111 pa6o'fero MeCTa, 1-aK 111 Ha O'fe
P0AHblX npaKT111'fecK111x aaHstTlllSIX. 
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KoHTponbHbie sonpocbl 
1. KaK11te H8.0.0CTBTKfA BblflBlllRlllCb B npoL(ecce 3KCnnyaTBL(lltllt nepBblX 

naMnOBblX T/)1110.0.0B? 

2. KaK Ill B KBKOM Mepe nosn111RnO HS TPlll OCHOBHblX napaMeTpa pa,o.1110-

naMnbl sse.o.eH111e s ee KOHCTPYKLC11tt0 3K{)BH11tpyt0w,eii cenc111? 

3. no'leMy np111 OTCYTCTB111111 BXOP.HOro CHrHana Ha ynpasnRtaw,eii ceTKe 

BHO.O.HBR xapaKTep111cT111Ka TeTpo.o.a He 111MeeT nposana, a npH 6onb

woM BXO.O.HOM ClltrHane TBKOM nposan B03HfAKBeT? 

4. 3a'leM n0Ha,o.06111nocb BBOP,lllTb B TeTPO.O. TpeTblO .o.ononHlllTeRbHYIO 

ceTtcy fA KBKYIO ponb OHS BblnORHfleT? 

5. 'ITO 1113 ce6R npe.o,CTBBnfleT neHTOP. T11tna «BBPlllMIO», KBKOBB ero ce

TO'IHBfl xapaKTepfACTlllKB Ill c KBKOH L(eRblO 3TOT Tllfn neHTO.O.OB cos.o.a

sancR? 

6. KaKBfl pa3HlllL(8 Me)l(,C{y MHOrD3/18KT/)0P.HblMlll Ill KOM6111HlllPOB8HHblMlll 

naMnaM11t? 

7. 'lro 1113 Ce6fl npe.o.crasnReT KOMnBKTPOH? 

8. 'lro 1113 ce6R npe.o.crasnRtOT Tsep.o.orenbHble </J111J1bTpbl, .o,nR 'lero OHlll 

npe.o,H83HB'IBIOTCfl Ill KBKOBbl lllX OCtlOBHble aneKTpfA'l8CKfAe 

xapaKTep111cT111K111? 

9. 'lro npOfACXOP.lllT npfA anre6pa11t'l8CKOM cno>KeHfAlll .o.syx ClllHYCOllfP.Bnb· 

Hb/X ClltrHanos pa3HOM 'IBCTOTbl Ill P.Rfl 'lero B03HfAKBeT He06XO.O.fA· 

MOCTb no.o.asaTb nonY'f88MblM B pe3yRbTBTe cno>KeHfAfl HOBblH CRO>K· 

Hbliif c111rHan Ha Hen111Heii1Hblii1 aneMeHT - .o.eTeKTop? 

1 O. KaK111e npeHMyw,ecTsa .o.aeT npeo6pa3osaHHe npHHfAMBeMoro c111rHa 

na B CfArHBn .o.pyroii, npoMe>KYTO'IHOH 'IBCTOTbl? 



Pa6oqee 
MeCTO 

CeroAHRWHee 3aHRT111e Mbl noceRTlllM on111caH111ro Ha1116onee ynoTpe6111TenbHb1X e pa
A111onro6111TenbCK0"1 npaKTlllKe KOHCTpyKU,lllOHHblX MaTep111anoe Ill TeXHOnOrlllRM lllX o6-
pa60TKlll. 

KOHCTPYKU,lllOHHblMlll Ha3blBalOT MaTep111anbl, 1113 KOTOpblX 1113f0Taen111ea10T Hecyw.111e 
wacc111111 paMbl, Kopnyca 111 n111u,eeb1e naHen111 pa3nWfHblX np1116opoe 111 pa,Q111oannapaTYpb1, 
eceB03MO:lKHble MOHTa:lKHble sneMeHTbl - nnaHKlll, CT0"1Klll, Aep:iKaTen111 P8AlllOAeTane"1, 
neLfaTHbre nnaTbl, wKanbl 111 nOAWKanbH111K111 pa,Q111onp111eMHlllKOB, AeKopaTlllBHble 06paM
neH111R 111 pYLfKlll ynpasneH111R 111 MHO:iKecTeo APYrlllX HecTaHA&PTHblX sneMeHTOs P8AlllO
nro6111renbCK111x KOHCTpyKu,111"1. 

B caMOM HaLfane Hawe"1 nepso"1 KHll'lrlll HaM Y:iKe np111wnOCb CTanK111SaTbCR c HeKOTO
pblMlll 1113 KOHCTPYKLl,lllOHHblX MaTep111anoe, KOrAa 1113roTaen111ean111 nOACTaBKY AnR naRnb
HlllKa 111n111 np111cTYnan111 K 1113roTosneH111ro nepso"1 s ceoe"1 :lKlll3Hlll neLfaTH0"1 nnaTbl. Tenepb 
:iKe Mbl norosop111M 06 3TOM nonoApo6Hee. 

K KOHCTPYKLl,lllOHHblM MaTep111anaM npll'IHRTO OTHOelllTb npaKTlllLfeCKlll see SlllAbl MeTan
noe 111 nnacTMacc s «n111cTOSOM» s111Ae: anroM111H111"1, :iKene30, 6enyro :iKeCTb, M0AHbre n111c
Tbl Ill ct>onbry, 6onbWlllHCTBO SlllAOS TaK Ha3blSaeMblX cnOlllCTblX nnaeTlllKOS, oprCTeKnO, 
a TaK>Ke 6onbWlllHCTSO 1113 nepeLf111cneHHblX MaTep111anos s s111Ae Kpyrnbrx npYTKOB pa3-
n111LfHOro AlllaMeTpa 111n111 c ceLfeH111eM s s111Ae npas111nbHOro wecTlllrpaHHlllKa. 

Ka)l(Abl"1 1113 3TlllX MaTep111anos lllMeeT CSOlll oeo6eHHble, lllHOrAa YHlllKanbHble CB0"1-
CTBa, KOTOpbre onpeAenRIOT Ha1116onee Tlllnoso"1 Kpyr MX npMMeHeHMR. STO OTHIOAb He 
o3HaLfaeT, LfTO TY 111n111 111Hyro AeTanb HSAO AenaTb TOnbKO 1113 AaHHOro MaTep111ana 111n111 LfTO 
AaHHbl~ MaTep111an npeAHa3HaLfeH 111cKnroLf111TenbHO AnR 1113rorosneH111R 111MeHHO 3TlllX Ae
Tane"1. 

K np111Mepy, wacc111 pa,Q111onp111eMHlllKa MO:lKHO 1113rOTOSlllTb 111 1113 ou,111HKosaHHoro :iKene-
3a, 111 1113 TsepAoro anroM111H111R 111n111 AropanR, HO cosepweHHO Heu,enecoo6pa3HO AenaTb 
ero 1113 n111cToso~ KpacHo"1 M0Alll 111n111 1113 ct>onbr111posaHHOro reT111HaKea. TOLfHO TaK :iKe 
ct>YTnRp AnR CTal.l,lllOHapHoro MarH111Toct>oHa 111n111 np111eMH111Ka pa3yMHee eAenaTb 1113 ct>a
Hepbl, a He 1113 nneKc111rnaea, TOrAa KaK AnR ct>YTnRpa «KapMaHHoro» np111eMH111Ka 111n111 
nneepa KaK pa3 nyLfwe scero 111cnonb3osaTb 111MeHHO nneKc111rnac 111n111 n111cToeo"1 no
n111crnpon, a He ct>aHepy. 

111HaLfe rosopR, AnR Ka:iKA0"1 KOHeTPYKU.lllOHH0"1 AeTan111 cyw.eeTsyroT eso111 T111nosb1e 
Marep111anb1 111 111MeHHO 111x 111 cneAyeT 111cnonb30BaTb. Ho AnR 3Toro HSAO 6b1Tb 3HaKOMblM 
c 3TlllMlll MaTep111anaM111, xopowo 3HaTb lllX cso"1CTSa Ill ct>1113111LfeeK111e xapaKTeplllCTlllKlll 
Ill SICHO npeACTasnRTb ce6e TeXHOnOrll'llO lllX o6pa60TKlll. 

Sro"1 TeMe nocssiw.eHO MHO:lKeeTSO pa311111LfHblX KHll'lr, 6powrop, cnpasOLfHlllKOS, rAe 
see STiii CS0A0HlllSI nplllSOARTCSI c 111eLfepnblSBIOW.lllMlll nOAP06HOCTSIMlll. nosTOMY Mbl He 
eTaHeM yrny6nRTbCSI s 3TY TeMy, a orpaHlllLfll'IMCSI np111seAeH111eM CS0A0Hlll"1 0 caMblX xo
AOSblX KOHCTPYKU,lllOHHblX MaTep111anax Ill cnoco6ax lllX o6pa60TKlll, noLfepnHYTblMlll, KCTa
Tlll roeopsi, 1113 srnx :iKe caMblX cnpaBOLfHlllKOB. 
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"13 OCHOBHblX KOHCTPYKUlllOHHblX MeTannoe s P8Alll01l1Q6111Te1lbCKOlii npaKTlllKe Ha ce
f'QAHfl Ha1116onee np111M8HlllMblMlll ABnAIOTCA fllifCTOSOe 111n111 c/)aCOHHOe OUlllHKOB8HHOe >Ke-

11eao TtllllJ.llllHOlii OT 0,5 AO 1,5 MM, nlllCTOBOlii TB8PAb1'1 MIOMlllHlll!ii Ill AIOP81lb T01lli.\lllH0'1 

~T 0,~ P,O 3-5 MM, a TaK>Ke nY>K0H8fl ,.C0CTb, B K81.f8CTB8 KOTOpOtf P8AlllOnl06111T0n&.t Lf8li.\0 
seen> lllCnOnb3YIOT KOHC0pBHbl0 6aHKlll. ~3 )1(011838 Ill AIOpanA 1113rOTaBnllle8IOT H0CYli.\1110 

KOHCTPYK1..t111111 - wacc111, paMbl, n111ueeb1e naHe11111 pa3111111.fHblX np1116opoe, a TaK>Ke uenb

HOMeTan11111l.fecK111e Kopnyca (KO>KYXlll) 1113Mep1nenbHi.1x np1116opoe. ~s OTlll)( )Ke MeTannoe 
BblpesalOT BC0B03MO>KHble H0CTaHA8PTHbl0 31leMeHTbl MeXaHllll.f0CKlllX KpenneH1111ii: yron

~111. pacnopKlll, YKOClllHbl, pe6pa >K0CTKOCTlll. 
6enasi (ny>KeHaA) >K0CTb, K8K npae111110, 111cno1lb3Y0TCA AllA 1113rOTOB110Hlllfl BC0B03-

MO;M<HblX 3neKTpoCTaT111LfecK111x 3KpaHoe AllA KOHTYPHblX KBTYW0K, nepeKn10'faTenet1 POA8 
pa6oT, 3KpaH111poeaH111A APYr OT APyra 1113nYLfalOli.\lllX yl.faCTKOB cxeMbl 111 Y'f8CTKOB, Ha11160-
11ee LfYBCTBlllT0nbHblX K nQA06HblM 1113nYLf0HlllAM. 

TB8PAYIO 111/lCTOBYIO «rapTOB8HHYIQ» 6pOH3Y TOllli.\lllHOlii 0,3-0,8 MM lllCnOnb3YIOT AllA 

1113rOTOB110HlllA nnOCKlllX «nplll>KlllMHblX» "PY>KlllH, a 1113 "PYTKOBOrO BnlOMlllHlllA 11111111118TYHlll 
AlllaMeTpOM 3-5 MM MO>KHO 1113roTOBlllTb C0PA0LfHlllKlll KOHTYPHblX K8TYW0K, ecn111 Tpe6y-

0TCR J148HbWMTb lllX nepeoHa'fanbHYIO lllHAYKTlllBHOCTb. ~3 TOHKOlii npYTKOBOlii 118TYHlll 
11111111 CTBnlll «Cepe6pflHKlll» AlllBMeTpOM 3-5 MM MO>KHO 1113rOTOBlllTb wnlllllbKlll nl06blX He

CT8HA8PTHblX pa3Mepoe, Hape3aB Ha 060111x KOHU8X 0Tp03Ka npYTKa COOTB8TCTBYIOli.\YIO 
pe3b6y. 

rpynny nlllCTOBblX nnaCTMacc COCTaBnAIOT T8KCTOnMT, CT8KnOT8KCTOnMT, reTM
H8KC, nneKc111rnac, cl>ToponnaCT, a TaK>Ke uenbllii PAA pa3111111.fHblX Bl/IAOB no11111cT111pona 

(TepMOCTOliiK111t1, yAaponpO'fHblt1 111 T. n.). Pe>Ke 111cnonb3yeTCA n111cToeolii x11ope111H111n, 

B OCHOBHOM B K81.f0CTBe 1113on111py10li.\lllX npOKn8AOK Me)l(Ay A0T811AMlll, He nOABepr~
IOIJ.llllMlllCA 3H8LflllT0nbHOMy Harpeey. 

TeKCTOlllllT, CT0Kn0T0KCT011111T Ill reTlllHaKC MOrYT 6b1Tb KBK 06bl'fHblMlll, TBK Iii <l>Ollbrlll
poeaHHblMlll, T. e. nOKpblTblMlll TOHKOt1 M0AHOlii $01lbroA 1111160 c OAHOA, 1111160 c 06e111x 

CTOPOH. He$OnbrnpoeaHHbl0 M8Tep111anbl T01lli.\lllHOt1 lllllCTa OT A011et1 AO HeCKOnbKlllX 

M111nn111MeTpOB lllCnOnb3YIOTCA Allfl 1113roTOeneHlllA K8PK8COB K8TYW8K paanlll'fHblX TPBHC

<t>opMaTOpOB, MOHTa>KHblX nnaHOK, 1113011111PYIOli.\lllX wat16 nOA Kopnyca 3110KTPOlllllTlll'f0C

KlllX KOHA0HC8TOPOB, onopHblX TOl.feK AllA KpenneHlllA KpynHora6aplllTHblX l<OHA8HC8TO
poe Ill pe3111CTOPOB, «rpe6eHOK» c MOHTa>KHblMlll nenecTKaMlll AllA pacna~Klll BblBOAOB 06-

MOTOK TpaHc<t>opMaTopoe Iii T. n. 

<l>ollbrlllPOBaHHble MaTep111a11bl np111MeHHIOTCA nO'fTlll lllCKlllO'flllTellbHO Allff 1113roTOene

HlllA nel.faTHblX nnaT, XOTR B PRAe C11Y'f80B B03MO>KHO 1113roTOB110Hllle He601lbWlllX Kopo6o
Lf0K c BHYTP0HHlllM 3neKTpocTaT111LfeCKlllM 383eMnAeMblM 3KpaHOM AJlA aa1.1.1111rbl OT Haeo

AOK pa3nlll'fHblX KOMMYT8UlllOHHblX ycTpOliiCTB. AnA 3TOro Hape3aHHble npAMOyrollbHble 

«li.\91.fKlll» 0 cponbrot1, o6pa1J.10HHOt1 BHYTPb 6YAYli.\8iil Kopo60'fKlll, COeAlllHAIOT M0>KAY co-
6oA nYTeM nponaliiK111 scex wsos. 

AeTan111 HY>KHblX pa3Mepos 1113 uenbHOro n111cTa reT111HaKca, TeKCTOJ1111Ta 111 CTeKnOTeK
CT011111ra BblP038IOT c noMOli.\blO n111Het1Horo pe3aKa, KOTOPbllii Mbl 113roTOBlll11111 Ha OAHOM 
1113 npaKTlll'f8CKlllX 38HAT111t1 B nepsoi.l KHl!lre. np111 Bbln011H0Hllllll 3TOlii pa60Tbl H8P,O 3H8Tb, 
LfTO CllOlllCTble MaTep111anb1 eeCbMB CKnOHHbl K B03HlllKHOB8HllllO CKOnos Ill OTCnoeH111t1 KaK 
pa3 c o6paTHOt1 (npornsononO>KHOt1 o6pa6aTblB80MOt1) CTOPOHbl, nOSTOMY npope3aB 

JllilCT Ha rny6111Hy nopAAKa 2/3 ero T01lli.\111Hbl, H8P,O nepesepHYTb 11111CT Ill OKOHLf8T0JlbHYIO 

npope3KY ocy1J.1eCTenATb c o6paTHolii CTOPOHb1. nocne sToro o'fepl.feHHblt1 y'faCTOK nerKo 
OTJ18MblB80TCA OT OCHOBHOrO nlllCTa. no 3TOlii )1(0 nplll'flllHe (1113-38 nOAB110HlllA CKOnOB) Aa
>Ke O'f0Hb TOHKllle nlllCTbl reTlllHaKCa Ill T0KCTOJ1111Ta He peKOMeHAyeTCA pe3aTb HO>KHlllU8Mlll. 

"ITO KacaeTCA TeXHOnor111111 1113rOTOBneHlllA nel.faTHblX nnaT 1113 <!>OnbrnpoeaHHblX T0K

CTP1llo4Ta. rernHaKca 111n111 CT0Kn0T0KCT011111Ta, OHa 6bina C8MblM nOAp06HblM o6pa30M 1113-
J1Q,.C01"ia B nepeot1 KH111re. Ecn111 np111 AQnbHet1weM 1113110>1<eH111111 Mb1 CTOllKHeMCA c noTpe6-

HOCTblO B oco6ot1 o6pa60TKe Tex 11111111 lllHblX KOHCTPYKUlllOHHblX MaTep111a11os, TO STiii npo· 

6neMbl pew111M no XOAY Aena. A noKa Ha sToM ece. 
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TeopMR 

YpoK 1. rA30HAnOIIHEHHblE 
3/IEKTPOHHblE nPMBOPbl 

Mb1 Y'!(e roeop111n111, YTO e o6w,eM MHoroo6pa3111111 sneKTflOHHblX naMn oco6oe MeCTO 
3aHlllMalOT ra30HanonHeHHble naMnbl. Cneu111<1>111Ka I/IX pa60Tbl COCTOlllT B TOM, YTO npo
lllCXOARW,llle BHyrp111 naMnbl npoueccbl OCHOBaHbl He Ha noeeAeHllllll B sneKTPlllYeCKOM 
none B ycnOBlllRX rny6oKoro Bat<yyt,1a ceo60AHblX sneKTpOHOB, a Ha B3alllMOAeliiCTBllllll 
c 3TlllM noneM nOMlllMO aneKTpOHOB ew,e Ill TR:lKenblX lllOHOB, KaK OTplll~TenbHO, TaK Ill 
nonO:lKlllTenbHO aapR:lKeHHblX Ill HaxOARW,lllXCR K TOMy :lKe He B Bat<yyMe. a B cpeAe ClllnbHO 
paape:iKeHHoro raaa 111n111 napoe MeTanna. 

3T111 o6cTORTenbCTea e KOpHe MeHRIOT cyUJ,HOCTb <1>111a111YeCK111x npoueccoe, npo111cxo
ARw.111x e naMne, 111, KaK cneACTe111e, xapaKTep noseAeH"1R naMm~• e uenoM 111 ee OTAenb· 
HblX sneKTpOAOB. 

AnR Toro, YT06b1 np111Hu111n pa6oTbl raaoHanonHeHHblX naft.m CTaJI nOHRTeH, npeAea
p111TenbHO cneAyeT paao6paTbCR e npoueccax, npo111cx0Asiw.1.1x e raaoeot't cpeAe eHe 
cesia111 c naMnaM111. 

BoabMeM AnR HaYana HeK111t1 3aMKHyrb1t1 o6l:>eM npocTpaHcTea, aanonHeHHblt'i nio-
6b1M lllHepTHblM rasoM (CKa:iKeM, HeOHOM 111n111 aprOHOM). nyCTb 3TO 6yAeT 06blKHOB0H· 
HaR CT0KnSIHHaR npo6111pKa, aanaRHHaR c AByx CTOpOH, B TOPUbl l(OTOpot't enaRHbl ABa 
M0TannlllY0CKlllX 3J10KTPOAa B BlllAe AlllCKOB c BblBOA8Mlll HapY'!(y. 

np111 OTCyrCTBllllll BH0WHelii Clllnbl (aneKTPlllYeCKoro noTeHu111a11a) BHyrp111 npe6111pK111 
OAHOepeMeHHO np111cyrCTBYIOT HeliiTpanbHbl0 arOMbl Ill MOJl~Kynbl ra3a, HeKOTOpoe KOnlll· 
Y0CTBO «CB060AHblX» sneKTpOHOB, 8TOMbl, no TeM 111n111 lllHblM nplllYlllHaM n0Tepsiew111e 
«CBOlii» aneKTPOH 1'13 BH0WHet1 o6onOYKlll Ill npeepaTl/IBWlll0CSI ecmeACTBlllB 3TOro B nono
)l(lllTenbHblt'i lllOH, Ill aTOMbl, «nplllXB8TlllBW1110» Ha KaKoe-ro epeMR n111wH111t1 ceo60AHblt'i 
:.:ineKTpoH 111 npeepaT111ew111ecR e 0Tp111uaTenbHO sapR)l(0HHblt1 1110H. 

BCR 3Ta «CM0Cb» xaOTlllYHO ABlll:lKeTCSI 8Hyrp1-1 11P0614Pl<l.1 (15pQyHOBCKOe ABl'l~Hlll(jl) 
e paaHblX HanpaeneH111six, nep1110AlllYBCKlll cTanK111saecb APYr 9 Ai:>YrQM 111 ocyw,ecTenRA 
«06MeH» nlllWHlllMlll Ill H0AOCTalOW,1'1Mlll aneKTPOHaMlll. 

Ecn111 6bl Ha BHyrpeHHlllt'i 06beM raaa He ocyw,eCTBnRllOCb HVIKaKOro BHBWHero 803· 
A'eliicTe111si. npouecca caMonpo111aeo11bHot1 1110H111aau111111 Mo11eKy11 raaa He npo111cxoA111110. 
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la 

B ,o,etlCTBlllTeJlbHOCTlll TaK111e BHeWHllle 

np111Y111Hbl, 06yc11oe11111eaiow,111e HaYa11bHYIO 

1110H1113au111io ra3a, ecer,o,a cyw,ecTeyioT: 111M111 

MOryT 6b1Tb KOCMlllYeCKllle nyYlll, CJ1a6oe pa

,o,111oaKT111BHOe 111311~eH111e CTeHOK npo6111pK111 

11111111 enaSIHHblX MeTaJ111111YeCKlllX 311eKTpO,D,OB, 

pa,o,111oaKrnBHb1tl ct>oH oKpy)Kaiow,etl cpe,o,b1 

lllT. n. 

P111c. 13. CxeMa BK1110"leH111A ra3opa3PAAHOli\ 

Tpy6Klll AflA CHATlllA xapaKTeplllCTlllKlll 3BBlllClll· 

MOCTlll TOKa Yepe3 Tpy6i<y OT B9Jllll"l111Hbl np111-

Jl0lK9HHOro HanpAlK9HlllA 

noKa OTCYTCTeyeT BHeWHee 311eKTplllYe

CK00 none, 311eKTplllYeCKlll O,IJ,HOlllMeHHO 3a

psi>KeHHble Ill 311eKTp111YeCKlll H0£lTpa11bHble 

YaCTlllUbl B ra30BO£l cpe,o,e (M011eKY11bl, aTO

Mbl, 311eKTp0Hbl, lllOHbl), CTa11KlllBaSICb ,o,pyr 

c ,o,pyroM, ee.o.YT ce6si KaK ynpyrne wap111K111, 

He o6pa3ySI O,IJ,HOHanpae11eHHOro ,IJ,Blll>KeHlllSI 

B Ty 11111111 lllHYIO CTOpOHy. nosTOMY ra30BaSI 

cpe,o,a B TaKOM COCTOSIHllllll He311eKTponpoeo,D,Ha 11111111, TOYHee, 0611a,o,aeT OYeHb 6011bWlllM 

311eKTpll'IY9CKlllM conpOTlllBJ19Hlll9M. 

Tenepb nO,D,KJllOYlllM Hawy «npo6111PKY» K lllCTOYHlllKY nOCTOSIHHOrO TOKa Yepe3 H9KO

Topoe Harpy30YHOe conporne11eH111e R 111 nocMOTPlllM, YTO 6y,o,eT npo111cxp,o,111Tb e ra3o

eotl cpe,o,e no Mepe yee11111YeH111S1 Hanpsi>KeH111S1 (p111c. 13). Pe3y11bTaTb1npollicxo,o,siw,111x1113-

MeHeH111£l 6y,o,eM OTpa>KaTb Ha rpact>111Ke 3aBlllClllMOCTlll TOKa Yepe3 npo6111pKy OT ee11111Y111-

Hbl np11111o>KeHHOro Hanpsi>KeH111S1 (p111c. 14). 
np111 HaYa11bHOM nocTeneHHOM yee11111Y0Hllllll Hanpsi>KeHlllSI OT HY11SI cpa3y >Ke B03Hlll

KaeT ,o,ea npOTlllBOnOJ10>KHO HanpaeneHHblX ,IJ,Blll>KeHlllSI Yacrnu: ceo6o,o,Hbl0 3Jl9KTPOHbl 

Ill OTPlllUaT911bHbl9 lllOHbl HaYlllHalOT ,IJ,Blll>KeH111e B CTOPOHY nonO>KlllT0J1bHOro «aHo,D,a», 

a n0110>Kil'ITe11bHbl0 lllOHbl - B CTOPOHY OTplll

uaTeJlbHOrO «KaTO,D,a». 

Macca 1110Hoe e Tb1CS1Y111 pa3 6011bwe Mac

Cbl CB060,D,HblX 3119KTpOHOB, a CKOpOCTb lllX 

ABlll>KeHlllSI BO CTOllbKO >Ke pa3 M9HbWe CKO

pOCTlll ABlll>K9HlllSI 3119KTPOHOB, n03TOMY Ha 

HaYaJlbHOtl CTa,D,111111 OCHOBHblM c11e,o,yeT CYlll

TaTb 3J19KTPOHHbltl nOTOK B CTOPOHY aHO,D,a. 

np111 OY9Hb MaJ19HbKlllX BeJllllYlllHax nplll110>KeH

HOrO HanpSl>K9HlllSI HapacTaH111e TOKa MO>KHO 

cY111TaTb nponopu1110HanbHblM HapacTaH11110 

HanpSl>K9HlllSI, O,D,HaKO 3Ta YaCTb xapaKTep111-

CTlllKlll (yYaCTOK 0-1 Ha rpact>111Ke) B0CbMa 

He3HaYlllT0JlbHa, Ill BCKOpe np111pocT TOKa 

npaKTlllYSCKlll npeKpaw,aeTCSI, HSCMOTPSI Ha 

yeen111YeH111e Hanpsi>KeHlllSI AO HeKOTOpotl 

TOYKlll 2 (~aCTOK 1-2). 
3TO SIB119Hllle eeCbMa CXO>Ke c npouec

COM, npOlllCXO,IJ,SIW,lllM B 06blYHOM BaKyyMHOM 

AlllO,D,e np111 AOCTlll>K9Hllllll pe>KlllMa HaCblW,9-

HlllSI, Ill 06bSICHSl9TCSI T9M, YTO HaYlllHaSI c TOY

Kiil 1 npaKTlllYeCKlll ece lllMelOW,llleCSI Ill BHOBb 

B03HlllKalOW,1110 ceo6o,o,Hbl9 3Jl9KTPOHbl cpa3y 

>Ke ycTpeM11S110TCS1 K aHo,o,y. ,ll,ono11H111Tenb

Hb1x >Ke sneKTpoHoe e ra3oeotl cpe,o,e Heeo3-

HlllKaeT, nOCKOJlbKY XOJlO,D,Hbltl KaTO,IJ, lllX He 

3MlllTlllpyeT. 
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PlllC. 14. fpacj>111K 3aBlllClllMOCTlll TOKa "lepe3 

ra3opa3pAAHYIO Tpy6i<y OT B9Jllll"llllHbl np111 

Jl0lK9HHOro HanpAlK9HlllA 



B TO >Ke epeMSI CKOPOCTb Ill KV1HeTV1YeCKaSI 3Hepr111si aneKTpOHOB Ha yYaCTKe 1-2 no 

Mepe yeenVIYeHVISI Hanpsi>KeHVISI B03pacTalOT VI K MOMeHTy AOCTVl>KeHVISI TOYKVI 2 3TOH 

3HeprVIVI CTaHOBVITCSI AOCTaTOYHO, YT06bl npVI CTOJlKHOBeHVIVI c He"1TpanbHblMVI aToMaMVI 

«OTKOJ10Tb» OT HVIX HaVIMeHee CBSl3aHHble c SIAPOM HapY>KHble aneKTPOHbl. 

Srn «OTKOnoewV1ecsi» BTOPVIYHb1e aneKTpOHbl npV1coeAV1HS110TCS1 K 06U.\eMy noToKy, 

yeeJlVIYVIBaSI aHOAHblH TOK. STOMy npoueccy COOTBeTCTByeT Ha rpact>VIKe yYaCTOK 2-3. 
0AHoepeMeHHO npoV1cxOAVIT VI APYro"1 npouecc. ATOMbl, J1V1WV1BWV1ecsi npVI cTOJlKHoee

HVIVI 3J1eKTpOHa, npeepali.\alOTCSI B nOJ10)1(VITeJ1bHO 3apsi>KeHHble VIOHbl VI nOA AeHCTBVleM 

OTPVIUaTeJlbHOrO nOTeHUVllma KaTOAa yCTpeMnSllOTCSI K HeMy. 06na,qasi 60J1bWOH Mac

COH VI B03pocwe"1 KVIHeTVIYeCKOH 3Hepr111e"1, OHVI np1>1 YAape 0 noeepXHOCTb KaTOAa Bbl-

61>1Ba10T "13 Hero AOnonH1>1TenbHble, BTOPl>1YHble CB060AHble aneKTpOHbl, KOTOpble TalOKe 

BKnlOYalOTCSI B 06U.\"1H 3J1eKTpOHHblH noTOK, eli.\e 6onee "1HTeHc1>1ct>1o1u1o1pysi npouecc Ha

pacTaH"1SI aHOAHOrO TOKa. 

HaY1>1HaS1 c TOYK"1 3 Aa>Ke Mane"1wee yeen1>1YeH1>1e Hanpsi>KeH"1SI np1>1BOA"1T K naBlllHO

o6pa3HOMy HapaCTaHllllO aHOAHOrO TOK8 "' TaK Ha3blBaeMOMY 3a>K1>1raHllllO ra30BOH CMe

Clll. Ha caMOM Aene H"1KaKoro 3a>1<1>1raH1>1S1, a TeM 6onee ropeH111si 1>1HepTHOro ra3a HeT "' 

6b1Tb He MO>KeT, a Aeno o6CTOlllT Cn0AYIOU.\"1M o6pa30M. 

np111 COYAapeH"1SIX CB060AHblX 3J1eKTpOHOB BblCOK"1X 3Hepr111"1 C aTOMaM1>1 He o6st3a

TenbHO npo1>1CXOA"1T OTPblB HOBblX 3neKTPOHOB c era noeepXHOCT"1. "lacTO Aeno ofpaH1>1-

Y1>1BaeTCSI TeM, YTO C006U.\aeMasi aTOMy AOnOJ1HlllTeJ1bHaSI 3Hepr111si «nepeBOAlllT» OA"1H "13 

3neKTpoHoe aToMa c BHYTPeHHe"1 op6V1Tb1 Ha 6onee OTAaneHHylO. 0AHaKo Yepe3 eA1>1-

HlllUb1 Vln"1 AeCSITK"1 HaHoceKyHA npOl>1CXOAlllT B03BPaU.\eHVle 3TOrO 3neKTpOHa Ha npe>K

HIOIO op61>1Ty, YTO ecerAa conpOBO)l(AaeTCSI BblAeJ1eH111eM "136blTOYHOH 3Hepr1111>1 B B"1Ae 

ct>OTOHa BlllAlllMOro ceeYeHlllSI. no3TOMy noA «3a>1<111raH111eM» ra3a B naMne HaAO nOHlll

MaTb nosieneH1>1e ero BlllA"1MOro ceeYeH1>1SI, KOTOpoe BHaYane Ha6J110AaeTCSI J1111Wb e6n111-

3"1 KaTOAa. 

EcnVI 6b1 e uen111 1>1CTOYHV1Ka He 6b1110 orpaH1>1Y1>1TenbHOro pe3111cTopa, TO nae111Hoo6-

pa3HOe HapacTaHllle TOKa 6blJ10 6bl MrHOB8HHblM "' np111eeno K 3neKTp1>1YeCKOMY npo60IO 

"' KOPOTKOMy 3aMblKaH"1IO npo6111pK1>1. Ho Hanll'IY"1e pe3"1CTOpa B KOpHe MeHsteT KapTlllHY 

AanbH8HW"1X C06blTlllH. ,D,eno B TOM, YTO nplll OYeHb 6blCTPOM, nOYTlll MrHOBeHHOM Hapa

CTaHVllll aHOAHOro TOKa c Tal<OH >Ke CKOPOCTblO B03pacTaeT Ill naAeH111e Hanpsi>1<eH1>1SI Ha 

orpaHlllY"1TeJ1bHOM pe3VICTOpe, KOTOpoe «BblYlllTaeTCSI» Vl3 061!.\ero Hanpsi>KeHlllSI aHOAHO

ro "1CTOYHVIKa, n03TOMy Hanpsi>1<eH111e Me>KAY aHOAOM "' KaTOAOM TaK>Ke MrHOBeHHO 

yMeHbwaeTCSI AO HeKOTOporo 3HaYeH"1SI, COOTB8TCTBYIOU.\ero Ha rpact>VIKe TOYKe 4. 
no np1>1HSITOH yCTaHOB"1BWeHCSI TepMVIHOJ10rllllll TOK, Ha6J110AalOU.\"1HCSI BHYTPlll naMnbl 

Ha yYaCTKe 0-3 (AO MOMeHTa 3a>K1>1raHlllSI naMnbl), Ha3bleaeTCSI TeMHOBblM TOKOM. OH 

BeCbMa Man 111 "13MepsieTCSI eA1>1H1>1UaM111 M1>1KpOaMnep. npouecc, npOl>1CXOASIU.\ll'IH Ha 

3TOM yyacTKe, Ha3b1Ba10T TeMHOBblM pa3pstAOM. TeMHOeo"1 pa3pstA 1o1cnonb3yeTcsi Ha 

npaKT1>1Ke B ra30HanonHeHHblX ct>oT03J18M8HTaX c BHeWH"1M ct>OT03ct>ct>eKTOM. 

B MOMeHT 3a>K1>1raHlllSI ra3 (ecn111 3TO H80H) HaY1>1HaeT ceeTlllTbCSI cna6blM KpaCHO

opaH>KeBblM ceeTOM, HanOM"1H8IOU.\"1M TJ1eH111e 3a>K>K8HH0'1 nan111pOCbl, n03TOMY "' npo

uecc, npOVICXOASIU.\"1H B 3TOT MOMeHT B naMne, Ha3Bal1111 no aHaJ10r111"1 TJlelOU.\ll'IM pa3psi

AQM. CaM npouecc nosisneH1>1S1 cseYeH1>1S1 Ha3san1o1 MOMeHTOM 3a>1<111raH1>1S1, a Hanpsi>1<e

H111e Me)l(Ay 3J18KTPOAaMlll B 3TOT MOMeHT - nOTeHUVlanOM 3a>K111raH1>1SI. 

nocKOJlbKY Hanpsi>1<eH111e B TOYKe 4 3HaYlllT8J1bHO Hlll>Ke, YeM B TOYKe 3, npouecc nas111-

H006pa3HOro HapacTaH1>1SI TOKa npeKpali.\aSTCSI, a B8J1111Y"1Ha TOKa Yepe3 naMny 

B 3TOM COCTOSIH"1"1 MO>K8T coxpaHSITbCSI CTa61>1J1bHOH CKOJlb yroAHO AOnro. 06blYHO era 

sen1>1YV1Ha COCTaBJ1Sl8T 8A"1HVIUbl-A8CSITK"1 M"1J1J1VlaMnep. 

Ecn111 Tenepb nblTaTbCSI ysenVIYVIBaTb Hanpsi>KeHVle VICTOYHVIKa, TOK 6yAeT CTpeM"1TbCSI 

B03paCT8Tb OY8Hb 3HaY1>1TeJ1bHO, HO np1>1 3TOM (),l:',HOBpeMeHHO 6yAeT ysenVIYVIBaTbCSI Ill 

naAeH111e Hanpsi>1<eH111si Ha pe3111cTOpe, s pe3ynbTaTe Yero Hanpsi>1<eHV1e Ha caMo"1 naMne 

(M0>KAY aHOAOM"' K8TOAOM) 6yAeT OCT8B8TbCSI npaKTVIY0CKVI HeVl3M8HHblM, YTO xopowo 
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Bi.iAHO Ha rpacf>1.1Ke (yl.faCTOK 4-5), rAe no ropl.130HTaJlbHOiii OCl.1 OTM01.f0H 0Tpe30K !lUa, 
C00T80TCT8YIOW,l.1!il np1.1paw,eHllllO Hanpfl>K0Hlllfl Ha caMo!il 11aMne. 

Sro COCTOS'IHlll0 raaa 8 llaMne Ha3bl8alOT HOPMaJlbHblM T110IOW,lllM pa3PflAOM, Ill OHO 

W1.1pOKO lllCn011b3Y0TCSI Ha npaKTlllKe nYTeM C03AaHlllS'I cneu111anbHblX raaoHan011H9HHblX 

11aMn, Haab10aeMb1x cra6111J1111TpoHaM1.1 111111.1 0Ta61.11100011braM111. 

Cyw,HOCTb lllX A0VICT8111fl COCTOlllT 8 TOM, "!TO noc11e MOM0HTa aa>1<111raHlllS'I Hanpfl>K9Hllle 

M0>KAY 3110KTPOAaMlll llaMnbl OCTaeTCSI npaKTllll.f8CKlll H01113M8HHblM np111 1113M0H0Hllllll Ha

npfl>K0Hlllfl lllCTOl.fHlllKa r1111TaH111S1 s 3Hal.flllTe11bHblX npep.e11ax. TaK111e cTa611111111TpOHb1 0 aa-

0111c1rtMOCT111 OT KOHCTPYKUi.tlll, 0111Aa aano11HS1t0w,ero raaa 111 cTeneHi.t ero paape>1<eHHOcT111 

0bmycKa10TcS1 Ha onpeAe11eHHb1e HOM111Ha11bHble HanpS1>1<eH111S1 cra6111111113au111111 (Hanp111-

Mep, 75, 105, 150, 28o B). 
0AHSKO 80pHeMCS'I K HaWe!il «npo0111pKe» Ill elyAeM n08blWaTb Hanpfl>K0Hllle lllCTOl.fHlllKa 

Aa11bW8. noc11e TOl.fKlll 5 Hanpfl>K8Hlll0 M0>KAY aHOAOM Ill KaTOAOM CH08a Ha"IH0T eoapac

TaTb, Ill KOrAa OHO AOCTlllrHeT TOl.fKl.1 6, TO CTaHeT paBHblM Hanpfl>KeHi.tlO, KOTOpoe y>Ke 

6b1110 e TO"IK9 3, np111 Kd'ropoM 0 11aMne Hal.f111Hancfl 11ae111Hoo6paaHb1!il npouecc HapacTa

H111S1 aHOAHOro TOKa. 

Ho K 3TOMy MOMSHTY ClllTYaUlllS'I B raaoeoiil cpeAe CTaJ1a COBCeM lllHO!il. Ec11111 B TOl.fKe 4 
(MOM0HT 3a>K111raHlllSI) CB01.f0Hlile raaa Ha61110AaJ10Cb TOllbKO B H06011bWO!il 0611acT111 803-

119 KaTOAa, TO K TOl.fKe 5 3TlllM c0el.feH1i1eM oxBal.feHo Y>Ke ece npocTpaHCTBP BHYTPlil 11aM

nb1, "!TO S'18JlfleTCS'I CBlllAeTellbCTBOM lllHT0HClllBHOro npouecca lllOHlll30U111111 raaa BO 8C8M 

ero o6beMe. 

np111 Y89111111.f0Hllllll Hanpfl>K0Hlllfl BblW0 TOl.fKlll 5 pacTeT Ill HanpS'l>KeHlll8 Ha 11SMne, "!TO 

CT111My11111pyeT y0e111111.feH111e He T011bKO aHOAHOro TOKa, HO Ill lllOHHOro nOTOKa, Hanpa011eH

HOrO B CTOPOHy KaTOAa. 111 KOrAa Hanpfl)l(8Hlll8 Ha JlaMne AOCTlllraeT TOl.fKlll 6, MOW,HOCTb 

6oM6apAlllP08Klll KaTOAa lllOHHblM nOTOKOM nplll80AlllT K paaorpeey KaTOAa /J,0 TSMnepa

TYPbl, np111 KOTOpO!il HSl.flllHaeTCSI lllHT9HClll8H00 111311Yl.f8Hllle lllM 8TOp111"1HblX C8060AHblX 

3118KTPOHOB, T. e. TepM03118KTPOHHaS'I 3MlllCClllS'I. 

np111HS'ITO ro0op1i1tb, "!TO HS yl.faCTKe xapaKTeplllCTlllKlll 5-6 8 110Mne H01.flllHaeTCS'I 

("1 npOlllCXOAlllT) aHOMaJlbHbliil TJle10w,111VI pa3PSIA. 111M0HHO 3TO R8110Hlll8 111cno11b3Y9TCS'I 

0 pa6ote o6bll.fHblX raaoc0eTHblX (HeOH08blX, aproH08blX, Kp111nroHOBblX 111 AP.) Tpy6oK 

AJlSI 1113rOT08Jl0Hlllfl C80TS'IW,lllXCS'I peKJ1aM Ill 8blB9COK. 

111, HaKOHeu, np1.1 nOSblW0Hllllll Hanpfl>K9Hl'1fl lllCTOl.fHlllKa 8b1We TOl.fKlll 6 CH08a npo111c

XOAlllT peaKoe y0e11111l.feH111e aHOAHOro TOKa, 06yc11oe11eHHOe noS1011eH111eM 8HYTPlll 11aMnb1 

3M"1Tlllp08aHHOro paaorpeTblM KaTOAOM TepM03110KTPOHHOro noTOKa. 3Hal.feH111e TOKa 

CKal.fK006pa3HO 803pacTaeT AO 88111111.flllHbl B H0CK011bKO aMnep, "!TO conpOl!IO)l(A08TCS'I 

TaK>Ke peaKlllM nSAeH111eM HanpS1>1<eH111S1 Ha naMne AO 0e111111.f111Hbl 15 ... 17 B. HacTYnaeT TaK 

Ha3b1eaeMbliil 1J,yro0oiil paapflA, xapaKTep1.1ayeMb1iil MallblM nSAeH111eM HanpJ1>1<eH111J1 Ha 

pa3PSIAHOM yl.faCTKe "' 01.feHb 8blCOKOll1 nllOTHOCTblO TOKa. 

C11eAyeT aaMeTlllTb, "!To np111 OTCYTCTe111111 orpaH111l.f111te11bHoro pea111crnpa e uen111 aHo

Aa 11111111 np111 Ma11oiil ero 88111111.flllHe 803MO>KeH npo6o!il "1 KOPOTKOe aaMblKSHllle 11aMnb1 

a11eKTp1114ecKo!il AYroiil. Ayro00VI pa3pflA 111cno11bayeTCS1 B cneu111a11bHblX 11aMnax - raao

TpoHax, rnpaTpoHax, PTYTHb1x 8blnPS1M111Te11flx, 1.1rH1i1TpoHax, o KOTOpb1x Mbl noro0op111M 

noa>1<e. 

rpynna ra30Han011H8HHblX 11aMn, 8HYTP0HHlll0 npoueCCbl B KOTOpblX TOl.fHO COOT80T

CTBYIOT on111caHHblM 8blwe, Ha3bl8alOTCS'I 11aMnaM111 c X0110AHblM KaTOAOM. B OTJ11111.flll8 OT 

HlllX cyw,ecT0yeT Apyrafl rpynna, y KOTOPblX nOMlllMO aHOAa 111 «X0110AHOro» KaTOAa 111Me

ercS1 ew.e Lil OTA011bHaSi Ll130JllllP08aHHafl HlllTb nOAOrpe0arnm1, 0 po11111 Ill Ha3HS48HLl1111 KO

TOPOVI Mbl TaK>Ke noro0op111M 4YTb no3)1(0. 

0611atl'b np111MeHeH111S1 raaoHano11HeHHb1x 11aMn, no>1<a11y!il, He MeHee w111p0Ka, 48M y 

3118KTp08SKyyMHblX 11aMn, HO OHa 6011ee cneu111cf>L114Ha 8 c11111y xapaKTepa npo111CXOASIW.L11X 

0Hytp111 11aMnb1 npoueccos. ra30Hano11HeHHb1e 11aMrlb1 npaKTlll4eCKLl1 Henp111rOAHb1 Allfl 

yc11111eH11tfl 3118KTPLl11.f9CKlllX ClllrH81108 ClllHYCOi.iA811bHOro nepeMeHHOrO TOKa (a TSM 6011ee 
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BblCOK0171 YaCTOTbl). 3aTO B OTJ11111.flll0 OT np111eMHO-yc111n111TenbHblX BaKyyMHblX naMn OHi/i 

H03SM0HlllMbl B Kal.feCTBe B0HTlllJ10171 B OAHOcpa3HblX Ill MHOrocpa3HblX BbrnpAMlllTenAX ne

peMeHHOro TOKa npOMb1WneHH0171 l.fSCTOTbl np111 HanpA)l(0HlllAX B A0CATKlll Ill COTHlll KlllnO

eonbT np111 TOKax AO H0CKOnbKlllX TblCAl.f aMnep. 

,ll,pyraA xaparcrepHaA «npocpecc111A» ra3oHanonHeHHblX naMn - cTa6111n1113al..\lllA een111-

l.flllHb1 nOCTOAHHOrO HanpA)l(0HlllA B YCTp0171CTBSX 3neKTpOnlllTSHlllA. np111 3TOM CTa6111n111T

pOHbl merow,ero pa3pRp,a B OCHOBHOM np111M0HAIOTCA MA CTa6111n1113SL\llllll HanpA>l<0HlllA 

Ha Harpy3Ke, B Kal.f0CTBe 3neMeHTOB CBA3111 Ill AnA nOBblW0HlllA K03<l><l>1111..\1110HTa YClll110HlllA 

e yc111n111TenAx nocroAHHoro TOKa, e penaKCal..\lllOHHblX reHepaTOpax 111 reHepaTOpax «6e

noro wyMa», e c111cTeMax OTCl.feTa epeMeH111 111 T. n. 

CTa6111J1111TpOHbl KOPOHHOro pa3pAAa Yaw,e 111cnonb3YIOTCA B ycTp0"1CTeax CTa6111n1113a

L\llllll HanpA)l(0HlllA np111 ManoM noTpe6neHl/llll TOKa, Hanp111Mep MA n111TaHlllA $OTOYMHQ)l(lll

Tene"1, 3J10KTPOHHO-JlyY0BblX OCL\lllnnorpa<1>1111.teCKlllX Tpy6oK Ill T. A· 
ra30HanonH0HHbl0 naMnbl APYrOro Bl/IAa - c yronbHblM 111n111 M8Tann1111.teCKlllM AlllCKO

BblM aHOAOM, «xonoAHblM» MeTann1111.tecK111M AlllCKOBblM KaTOAOM 111 AOnonH111TenbHb1M no

AOrpeeHblM KaTOAOM (TaK Ha3b1Ba0Mbl0 ra30TPOHbl), CT0KnAHHaA KOn6a KOTOPblX 3anon

HeHa napaMlll PTYTlll, npeAHa3Hal.f0Hbl B OCHOBHOM MA OAHO$a3HOro BblnpAMn0HlllA ne

peMeHHOro TOKa eenllll.flllHOiii AO H0CKOnbKlllX A0CATKOB aMnep np111 HanpA)l(0:Hllllll AO 

10 ... 15 KB. 
Mow,Hbre Bb1hpAM"1Ten111 6ea noAorpeeHoro KBTOAa o6paayroT 6onbwyro rpynny PTYT

Hbrx lllOHHblX naMn, pa60Tarow,111x e pe>r<111Me Ayroeoro pa3PAA8 e napax PTYflll. Tl!lKllle 

naMnbl pa6oTalOT B OCHOBHOM B Tpexcpa3HblX BblnpAMlllTenAX npoMblWneHHOrO H83H8Ye

HlllA np111 oco6o 60nbWlllX MOW,HOCTAX noTpe6neHlllA (HeCKOnbKO TblCAl.f 8Mnep np111 Ae

CATKax KlllnOBOnbt). 

Oco6yro paaHOBl/IAHOCTb B 3TOiii rpynne COCTaBnAIOT 111rH111TpOHbl - naMnbl, I/IS KOTO• 

pblX nonHOCTblO OTKal.f8H B03Ayx, a K8T0AOM ABns:teTCA )1("1AKBA 0'4111W,0HHaA PTYfb, H811111-

TaA e cnel..\111anbHOe yf'nyl5neH111e KOn6bl. 

,ll,o c111x nop Mbr roeop11111111 o AByxsneKTpOAHbrx HeynpaemreMbrx ra30HanonHeHHblX 

naMnax. 0AHaKO cyw,ecTBylOT ew,e Ill ynpaenA0Mbl0 naMnbl - STO AOBOnbHO 6onbW8" 

rpynna TlllpaTpOHOB, B cocrae KOTOpblX nOMl/IMO KaTOAa Ill aHOAa BXOAlllT ew,e Ill Tp0Tlll"1, 

ynpaens:irow,111iii sneKTpOA, ponb KOToporo 3aMeTHO omw~aeTcA OT pon111 ynpaenArow,e171 

C0TKlll B BaKyyMHblX naMnax c T0pM03neKTPOHH0171 3MlllCClllerii. 0CHOBH8A o6nacTb np111-

M0H0HlllA TlllpaTpOHOB - yCTpOiiiCTBa aBTOMaTlllKlll, TeneMexaHl/IKlll, Cl.f0THO-pewarow,aA 

TeXHlllKa, 1113M0PlllT0nbHbl0 ClllCT0Mbl Ill np1116opb1 Ill T. n. 

HaKoHel..\, 6onbwyro rpynny cocraenAroT TaK Ha3breaeMbre 3HaK006pa3yrow,111e raso

HanonHeHHbre naMnbl Tnerow,ero paapAAa, sneKTPOAbl KOTOPblX BbrnOnHeHbl B $OpMe 

L\lll<l>P. 6yKe 111 APYrlllX c111Meonoe, 06paayrow,111x np111 pa6ore naMnbr ceeTAw,eecA 111306pa

)1(8H111e Toro 111n111 111Horo aHaKa. '-law,e ecero 6annoHbl 3Tlllx naMn HanonHeHbr HeOHOM 111n111 

aproHoM 111 COJAalOT KpacHo-opaH)l(eeoe 111n111 poaoeaTOe ceeYeH111e. 

Ha1116onee npocTaA KOHCTPYKL\lllA y ra3oHanonHeHHbrx cra6111n111Tp0Hoe (cTa6111no

eonbTOB). CTa6111n111TpoH npeACTaens:ieT co6oiii cTeKnAHHyro Kon6y, HanonHeHHyro paape

)1(0HHblM lllH0PTHblM raaoM (aproHoM 111n111 HeOHOM). B 0Tn111Y111e OT np111eMHO-yc111n111Tenb

HblX naMn B CTa6111noeonbTax aHOA Ill KaTOA KaK 6bl nOM0HAnlllCb M0CTaMlll. 

KaTOA cra6111n111TpOHa 06bl'IHO Bbln011HeH B BlllA0 L\11111111HAP8 1113 HlllK011A 11111111 Hi.'11(011080-

ro cnnaea Ill npeACTaB11A0T co6orii BH0WH111Vr 3110KTPOA. 8Hyrp111 3TOro L\11111111HAPa TOl.fHO 

no era OClll yKpen11eHa HlllKe11eeaA HlllTb 11111111 TOHKaA Tpy60YKa, AB11AIOUJ,aACA aHO,D,OM. 

,ll,pyr111x s11eKTpOAOB 11111111 sneMeHTOB KOHCTPYKl..\111111 eHyrp111 cra6111n111Tp0Ha HeT. 

Ec11111 eepHyrbCA K p111c. 14, 11erKo ye111AeTb, l.fTO e 0611acT111 HopManbHoro merow,ero 

paapAAa, AB11AIOW,0VrCA pa6oYerii 0611aCTblO mo6oro cra611111111Tp0Ha, np111 A0B011bH0 3Ha

tllllT011bHOM 1113M0H0Hllllll TOKa l.fepe3 cra611111111rpoH (OT TOYKlll 4 AO TOl.fKlll 5) HanpSi>KaHi.-te 

Ha H0M M0HA0TCA KpaVIHe H03H81.flllT0nbHO - Ha B011111YlllHY !lUa. 
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a) 6) B) 

r) AHod 

[a3ofloe 
HanonHeHue 

Kamoa 

p,) 

e) 

P111c. 15. BHewH111i.l Bl/IA (a, 6, s), ycnoeHoe rpa<1>111t.tecKoe o6o3Hat.teH111e (r) 
111 cxeMbl BKn10t.teH111si cra6111n111Tp0Ha (A, e) 

KaK 111 y 111060"1 Apyro"1 naMnbl, y CTa6111n111TpoHa cy11.1eCTeyeT om111ManbJ-1b1"1 «pe:lKlllM 

noKOR», T. e. ero pe:lKl/IM B H9K00M cra6111nbHOM COCTORHllllll CX0Mbl. noci<onbKY 1113Ha

'lanbHO npeAnonaraeTCR, 'ITO CTa6111n111TpOH AOn:lKeH nOAA0P:lKlllBaTb H91113M0HHOe Ha

npR:lK9Hllle Ha BblXOAe BblnpRMlllTenR np111 1113M0H0HlllRX HanpR:lK9HlllR lllCTO'IHlllKa Ha nmoc

MlllHYC HeKOTOPYIO eenlll'llllHy, TO 0'1081/!AHO, 'ITO B lllCXOAHOM COCTORHllllll pa6o'le"1 TO'IK0"1 

CTa6111n111TpOHa AOn:lKHa 6b1Tb cepeAlllHa ero pa60'le"1 'laCTlll xapaKT0PlllCTlllKlll, T. e. 

0Tp93Ka 4-5. 
B cnpaeO'IHlllKaX AllR nio6oro cra6111n111Tp0Ha o6R3aTenbHO yKa3b1BalOTCR o6a STiii na

paMeTpa: Alllana30H pa60'llllX TOKOB 'lepe3 naMny Ill HOMlllHanbHOe HanpR:lK0Hl/le CTa6111-

n1113al..\llllll. B CTapo"1 ClllCTeMe MapKlllpOBKlll cra6111n111TpOHOB 3Tlll napaMeTpbl npRMO OTpa

:lKanlllCb B 0603Ha'leHllllll naMnbl. K np111Mepy, CTa6111n111TpOHbl Tlllnoe 75C5-30, 105C5-30 

Ill 150C5-30 6b1n111 paCC'llllTaHbl Ha HOMlllHanbHOe HanpR:lK0Hlll0 CTa6111n1113al..\llllll B 75, 105 

Ill 150 B COOTB0TCTB9HHO nplll 1113M0H0HlllRX TOKa 'lepe3 naMny OT 5 AO 30 MA. 

B Hoeo"1, HblHe Ae"1cTeyio11.1e"1 c111CTeMe MapK111poeK111, aToT np111HL\111n YTPa'leH 111 ece 

CTa6111n111TpOHbl 0603Ha'lalOTCR 6yKBaMlll Cr (CTa6111n111TpOH ra30Bb1£1}, nopRAKOBblM HO

MepOM pa3pa60TKlll (CAHO-, AByx- 11111111 TpeX3Ha'IHOe 'llllCnO} Ill AOnonHlllT9nbH0£1 6yKB0"1, 

OTpa:lKa1011.1e"1 KOHCTPYKTlllBHOe 111cnonHeH111e naMnbl: c - 06bl'IHOe CTeKllRHHOe 0<1>opM

neH111e, n - A0BRTlllWTblpbKOBOe «nanb'llllKOB09» Ill T. n. Hanp111Mep, cr5-6, Cr16-n, 

cr203-K, cr312-A. 

B pa6oTe ra30BblX CTa6111n111TpOHOB lllMeeTCSI onpeAeneHHaR cnel..\lll<l>lllKa, KOTOPYIO 

o6R3aTenbHO cneAyeT Y'!lllTblBaTb. npe:lKAe ecero AllR ycT0"1L1111eoro 3a:lK111raH111S1 cTa6111-

11111TpoHa Ill ycTaHOBJ10HlllR HOpManbHOro meio11.1ero 111n111 KOPOHHOrO pa3PRAa (B 3ae111c111-

MOCTlll OT Tlllna naMnbl} He06XOAlllMO, 'IT06bl HanpS1:lK9Hllle lllCTO'IHl/IKa B 1,2-1,3 pa3a 

npeBblWano HOMl/IHanbHOe HanpS1:lK0Hllle CTa6111n1113al..\llllll. 

CoeepweHHO HeAonycT111Mo noAaeaTb Ha cTa6111n111TpOH Aa:lKe KparKoepeMeHHO Ha

npS1:>KeH111e o6paTH0"1 nonRpHOCTlll: MlllHYC Ha aHOA Ill nnioc Ha KaTOA. Henb3S1 BKJllO'laTb 

HeCKOnbKO CTa611111111TpOHOB napannenbHO, nocKOnbKY 1113-3a H03Ha'llllTenbHOrO pa36poca 

napaMeTpoe KaKOH-TO OAlllH 1113 HlllX «38)1()1(0TCS1» LIYTb paHbWe, Ill TOK L1epe3 Hero MO:>KeT 

npeBblClllTb AOnyCTlllMbl"1. 

B TO )1(9 epeMR nocneAOBaTenbHOe C00AlllH9Hllle HeCKOnbKlllX CTa611111111TpOHOB He 

TOnbKO AOnyCTlllMO, HO Ill 'laCTO BCTpe'laeTCR Ha npaKTlllKe (p111c. 15), TOnbKO np111 3TOM 

napannenbHO Ka:lKAOMY cra611111111TpOHY Heo6XOAlllMO nOAKlllO'llllTb OAlllHaKOBble no ee

Jllll'll/IHe «Bb1paBHl/leaio11.1111e» pe31/1CTOpbl, B 10-20 pa3 6011bWllle no B011111'11/1He, 'ISM pe-

3111CTOpbl Harpy3Klll. 0611.1ee HanpS1:lK0Hllle CTa6111n1113al..\llllll B 3TOM cny'lae 6yAeT paBHO 
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cyMMe HOMlllHMbHblX HanpS1)1(0Hlll~ 0TA0nbHblX CT8611lnlllTPOHOB, a CYMMapHbl~ TOK CTa-
611lnlll3aU,llllll He lll3M0HlllTCS1 Ill OCTaHeTCS1 paBHblM TOKY '"lepea OAlllH CTa611lnlllTPOH. 

Pac'"leT napaMeTpoe «6annacTHoro» (HarpyaO'"IHOro) pealllcTopa e u.enlll cTa611lnlllTpo
Ha npOlll3BOAlllTCS1 no aaKoHy CMa. naAeHllle HanpS1)1(0HlllS1 Ha 3TOM pealllcTope (Upe3 ) 

paBHO pa3HOCTll1 HanpS1)1(0HlllS1 lllCTO'"IHlllKa Ill HOMlllHMbHOro HanpS1)1(0HlllS1 CTa611lnlllTPOHa: 

UPE3 = ufl1CT - UcrA6· 

3a eenlll'"llllHY HOMlllHMbHOro TOKa (/HoM) nplllHlllMalOT CP0AHeaplll<l>M0Tll1'"10CK00 AByx 
Kpa~HlllX 3Ha'"l0Hlll~ TOKa CTa611lnlllTPOHa. Benlll'"llllHa 6annaCTHOro p0311lCTOpa B 3TOM cny
'"lae onpeAenS1eTcS1 no <1>opMyne: 

R _ UPE3 _ EHcr -UcrAs 

6Alln - /PE3 - (/MAKC -/Mfl1H>crA6. 

MOW.HOCTb pealllcTopa ebl611lpaioT c nonyTOpHblM-ABO~HblM aanacoM no OTHoweHllllO 
K HOMlllHMbHO~: 

PPE3 = ( 1,5 .•. 2,0) UPE3 ,PE3· 

HanplllMep, AnS1 CTa611lnlllTpOHa rnna Cr15n HanpS1)1(0Hlll0 3a)l(lllraHlllS1 COCTaBnS10T 
150 B, npeAenbl CTa611lnlll3aU,llllll - OT 104 AO 112 B, MlllHlllMMbHbl~ TOK CTa611l.1"'13a
U.llllll - 5 MA, MaKClllManbHbr~ - 30 MA. lllcxoAS1 lll3 arnx AaHHb1x, onpeAenS1eM, '"ITO Ha
npst)l(0Hllle lllCTO'"IHlllKa AOn)l(HO 6b1Tb e 1,2-1,5 paaa Bbrwe Hanpst)l(0HlllS1 3a)l(lllraHlllS1 Ill ne
)1(8Tb B npeAenax 180 ... 195 B (B CP0AH0M 188 B). HanpS1)1(0Hlll0 CTa611lnlll3aU.llllll COCTaB
nsieT 112 ... 104 B (CP0AH00 OKono 108 B). TOK'"lepea CTa611lnlllTPOH COCTaBnS10T 5 ... 30 MA 
(CP0AHlll~ nplll6nlll311lT0nbHO 17 MA). CTCIOAa 

UPE3 = E Her- UcrAs = 188-108 = 100 B; 

UPE3 100 
RPE3 =--=--=5,9KCM. 

/PE3 17 

Bbl611lpaeM 6nlll)l(a~wee no rocT 3Ha'"l0Hlll0 RPE3 = 5,6 KCM Ill onpeAensieM ero MOW.
HOCTb: 

PPE3 = (1,5 ... 2,0) UPE3,PE3 = (1,5 ... 2,0). 100. 0,017 = 2,5 ... 3,0 BT. 

Cco6yio rpynny raaoHanonHeHHbrx nplll6opoe cocTaenS110T rnpaTpOHbr. CHiil OTHO
CS1TCS1 K nOArpynne ynpaenS10MblX raaopa3PS1AHblX nplll60poe, B KOTOPblX nOMlllMO aHOAa 
Ill KaTOAa lllM00TCS1 0AlllH lllnlll ABa ecnOMOraTenbHblX ynpaenS1IOLU,lllX aneKTpOAa, c no
MOW.blO KOTOPblX ocyw.ecTensieTCS1 ynpaeneHllle aHOAHblM TOKOM. 

Cyw,eCTBYIOT AB0 pa3HOBlllAHOCTlll rnpaTpOHOB, OTnlll'"lalOLU,lll0CS1 COCTaBOM raaoeo~ 
CP0Abl,- PTYTHble Ill HanonHeHHb1e lllHepTHblM raaoM (HeOHOM lllnlll aproHOM). 

C6naCTb nplllM0H0HlllS1 PTYTHblX ra30TPOHOB B OCHOBHOM orpaHlll'"llllBa0TCS1 cxeMaMlll 
pene~Horo ycllln0HlllS1 TOKa (nplll nlllTSHllllll OT lllCTO'"IHlllKa nocTOS1HHOro TOKa), rAe OHlll 
o6ecne'"llllB8IOT K03<l><l>lllU.lll0HT ycllln0HlllS1 no TOKY CBblW0 MlllnnlllOHa, Ill B Ka'"10CTB0 Bbl
npS1MlllTene~. B KOTOpblX CP0AHIOIO eenlll'"llllHY BbrnpsiMneHHOrO TOKa MO)l(HO perynlllpO
eaTb lll3MeHeHllleM <1>aabl Hanpst)l(0HlllS1 Ha ynpaenS1IOW.0M aneKTpOAe. 

Apyryio noArpynny cocTaensiioT rnpaTpOHbl meiow.ero paapstAa c HanonHeHllleM 
lllHepTHblMlll raaaMlll, H83bleaeMble lllHa'"le rnpaTpOHaMlll c xonoAHblM KaTOAOM. CHiil no 
HbrHe Ae~cTeyiow.e~ KllaCclll<l>lllKaU.llllll 06oaHa'"la10TCS1 6yKeaMlll TX (rnpaTpoH c xonoA
HblM KaTOAOM), '"llllCnOM, onpeAenS1IOLU,lllM nopS1AKOBbl~ HOMep paapa60TKlll, Ill 6yKBO~. 
xapaKTeplllayiow.e~ KOHCTPYKTlllBHOe ebrnonHeHllle 6annoHa. 

TlllpaTpOHbl meiow.ero paapS1Aa lllMelOT noMlllMO aHOAa Ill KaTOAa OAlllH lllnlll ABa yn
paensiiow,lllx aneKTpOAa - e aaelllClllMOcrn OT cnoco6a ynpaeneHlllst - aneKTpocTarn
'"lecKoro lllnlll TOKOBOro. CHiil MOryT H8XOAlllTbCS1 B AByx yCTO~'"llllBblX COCTOS1HlllS1X - He
npoBOAS1W.0M Ill npoBOAS1W.0M Ill B AByx nepeXOAHblX. 
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B npOBOARL4eM COCTORHllllll L1epe3 TlllpaTpOH npOTeKaeT SHOAHbli4 TOK. B HenpOBOAff• 

L4eM COCTORHllllll 8HOAHbli4 TOK OTCYTCTByeT, HO CYL4eOTByeT TJ1010l4111i4 pa3PS1A M0>KAY Ka

TOAOM ... T8K HS3blBaeMOi4 ceTKOi4 no,qrOTOBlllTenbHOro PS3PS1A8. TaKoi4 C0TKlll HeT TOJlb· 

KQ B !ilblnpS1MlllTellbHblX Ill a11eKTpoMeTp"1"leCKlllX TlllPSTPOHSX. 

Pa6oTa Tl4parpoHoa rne10l.l.48ro pa3pffA8 xapaKTep14syeTCS1 HeKOTOpb1M111 cne~l4cj>111-

L1ecK111Ml4 napaMeTpSM14, OTJ114"1HblMlll OT napaMeTpQB, c KOTOPblMlll Mbl n03HSKOMl4J114Cb 

B PS3Aelle «3JleKTpoeaKyyMHble np1460pbl>J, noaTOMy 3AeCb ~enecoo6pa3HO nepe"llllC· 

Jlll!Tb .. pacw111cj>poe8Tb H9KOTOPb18 "13 3Tl4X HOBbl>C T8PM14HOB. 

HanpRlK&HHe B03HHKHOB&HHR noArOTOBHT&nlaHorq paap~Aa - no110>1<l4Te11b

Hoe HanpS1>KeH111e Ha nepeoi4 ceTKe OTHOClllTellbHO KaTOAS, He06XOA14MOe AJ1S1 B03Hl4KHO

BeHl4S1 B 3TOM npoMe:>KYTKe TJ1elOL4ero paapS1AS. 

HanpRlK&HHe ao3HHKHOll8HHR ocH011Horo pa3PRAa - no110>1<111Te11bHOe HanpS1-

lKeHl4e Ha 8HOA9 OTHOCl4T0JlbHO KSTO,Qa, Heo6XOA14M00 AllR B03HMKHOB0Hl4S1 HS STOM 

npoMe>KYTKe Tl1elOL4ero pa3PS1A8. 

BpeMR 38n83AblB8HHR noArOTOllMT&nbHOro qaa•HraHHR» - epeMS1 Me>KP,y MO

M0HTOM nOAS"llll HanpR)l(eHlllR 11a nepeytQ ceny Ill B03H14KHOB0H1110M T119IOL40f0 pa3pS1AS 

M0>KAY ceTKOH Ill KaTOP,OM. 

HanpRlK8HH8 (HMRYJ1b0) BXOAHOro CHrHana - MlllHlllMaJlbHSR aMnii14TYAS lllM· 

nyllbC8 Ha ynpaBJ1RIOL40i4 CeTKe, npl4BOAAL4SR K B03HlllKHOB0HllllO C8MOCTOS1TeJ1bHOro 

TJ10IOL40f0 pa3pS1A8 M0*AY SHOAOM 14 KaTOAOM. 

,AnHTenbHOCTb BXOAHOro HMnyn1tca - Ml4H"1M8JlbHOe epeMR c MOMeHTa nOA8"1"1 

ynpaBJ1RIOL4ero lllMnyllbCa, He06XOAlllMOe AJ1R B03HlllKHOBeHlllS1 CSMOCTOS1T0JlbHOro T/10· 

IOL4ero PS3PS1A8 M0>KAY SHOAOM "1 KaTOAOM. 

BpeMR BOCCT8HOBn8HHR HCXOAHOrQ COCTOAHMR - MlllHlllM8JlbHOe epeMS1 nocne 

npeKPSL4eHl4S1 SHOAHOro TOKa. no lllCTe"leHlll"1 KOToporo BHOBb np111110>1<eHHOe SHOAHOe 

HanpS1>KeH111e (npl4 OTCYTCTBl!llfl 3anyCKSIOL4ero 111Mny11bCa) He Bbl3blBaeT B03Hl4KHOB0HlllS1 

TnelOL4ero pa3PS1A8 Me>KP,y aHOAOM Ill KaTOAOM. 

"13 np14eeAQHHblX napaMeTpOB B1!1AHO, "!TO B OT/1"1"11/le OT BSKYYMHblX JlSMn rnpaTpo

HSM np111CYL48 onpeAelleHHSS1 lllHep~lllOHHOCTb, npenS1TCTBYIOL4SS1 I/IX 14CnOJ1b30BSHllllO Ha 

ceepx3BYKOBblX "ISCTOTax 111 reM CYL40CTBeHHO orpa11111L1111Ba10L4SR ccj>epy 111x npl4Me

HeH111R. 

no cnoco6y ynpaBJ19Hl4R nepexo,QOM OT HenpOBOARL49f0 COCTORHlllS1 K npOBOARL4e

MY pa3Jllll"ISIOT TlllpaTpOHbl c 3J18KTpOCT8Tl4"10CKlllM 14 TOKOBblM ynpaBJ10Hlll9M. y TlllpaT

POHOB nepeoi4 rpynnbl 06R38T9JlbHO HS/1"1"1140 ABVX C0TOK. "13 coepeMeHHblX OTe"le

CTBeHHblX TlllP8TPOHOB K H14M OTHOCRTCR neSS, near, near, TX12f. 8 ~en14 nepeoi4, 61114-

)l(Sliiwei4 K K8TOAY ceTKlll, npoTeKaeT TOK, B9J1"1"1111Ha KOToporo onp&A0J1ReTCR B0Jllll"llllH0171 

noc11eAoeare11bHO BKlllO"leHHOro p93111eTOpa. 

Me>KP,y 3TOi4 ceTKOM Ill KaTOAOM B03H14Ka0T T8K H83blB80Mbllii nOAfOTOBlllTeJlbHbllii T/10· 

IOL414i4 paapRA, 06J19r"l810L4111H B03HlllKHOBeHl40 OCHOBHOrO P83PS1A8 Me>KP,y SHOAOM Ill Ka

TOAOM. Ha BTOPYIO cericy noASeTCR HeKOTOpoe nonO>KlllTenbHOe HanpS1>K0Hlll0, Ha 10-15% 

MeHbwe Heo6xoA111Moro AJIR l4Hl4~111111poeaHl4R paapRAS M9>KAY aHOAOM 14 KaTOAOM. Ha ary 

>Ke ceTKY B HY>KHblH MOMeHT nOAS9TCS1 nonO>KlllTellbHbli4 aanycK810L4111i4 lllMnyllbC, KOT0pb1171, 

CKJ1a,D,b1B8S1Cb c nOCTOS1HHblM HanpS1>KeHlll9M, Bbl3b1B80T B03HlllKHOB0Hllle OCHOBHOro TJ1el0-

L40f0 P83PRA8· 
np111 TOKOBOM ynpaeneHllllll lllCnOllb3YIOT OAHOC9TO"!Hb19 TlllpaTpOHbl 11111111 Tlllp8Tp0Hbl 

c ABYMR coeA111HeHHblM111 BMecre cerKaM111 (TplllOAHOe BKJ110L1eH111e) - TX46, TX56, 

TX11 r; Mne-90. B aroM cny"lae 3anycKS10L4lllM 111Mny11bC noASeTCS1 Ha TY >Ke ceTKy, KOTO

paR C03A8eT nOAfOTOBlllTeJlbHblH pa3pRA. "1Mny11bC np111BOAlllT K 1113M0H0HllllO Belllll"llllHbl 

ceTO"IHOro TOKa Ill TeM CSMblM «OTKpblBS9T» T14PSTPOH. 



3KcnnyaTaU,lllA TlllPBTPOHOB B mo6blX cxeMax AOn>KHa Y'!lllTblBaTb HeKOTOPble cne~111-
cpw1ecK111e oco6eHHOCTlll I/IX noBeAeHlllA. TaK, peKOMeHAYeTCA np111 BKnlO'leHllllll CHa'lana 

nOABTb HanpA>1<eH111e Ha ynpasnAIOLl..IYIO CeTKY (111n111 ceTKlll), aaTeM Ha ceTKY npeABapi.t

TenbHOro paapAAa 111 TOnbKO nOTOM Ha aHOA. raweH111e PB3PAAB B rnpaTpOHe B03MQ}l(H0 

TOnbKO nYTeM nonHoro CHRTlllR aHOAHOro HanpR>KeHlllR 111n111 yMeHbW9HlllR ero Hlll:lKe no

pora 3a)l(111raHlllR. 

Bo 11136e)l(aH111e caMonpOlll3BOnbHOro 3a)l(111raHlllR Henb3R p,a>Ke KpaTKOBpeMeHHO OT

KnlO'laTb lllCTO'IHlllK HanpR)l(eHlllA CMeL1..1eHlllR OT ynpasnRIOl.lleH ceTKlll 111n111 yMeHbWaTb 3TO 

HanpR)l(eH111e Hlll)l(e orosopeHHoro nacnopTHOro 3Ha'leH111R. 

np111 noAa'le ynpasnR10L1..1ero 111MnynbCa 'lepea RC-~enO'IKY sen111'!111Ha eMKOCTlll AOn>K

Ha ne)l(aTb B onpeAeneHHblX npeAenax. c OAHOH CTOPOHbl, OHa AOn)l(Ha 6b1Tb TaK0'1 

6onbWOH, 'IT06b1 aMnnlllTYAa 111 AnlllTenbHOCTb 111MnynbCa Ha ceTKe 06ecne'l111n111 HaAe)l(

HOe B03HlllKHOBeH111e paapRAB s TlllpaTpoHe. C APYrOH CTOPOHbl, eMKOCTb AOn>KHa 6b1Tb 

AOCTaTO'IHO MBnOH, 'IT06bl K MOMeHTY OKOH'laHlllR AeHCTBlllR lllMnynbCa nOCTORHHOe Ha

npR)l(eH111e Ha ceTKe BOCCTaHOBlllnOCb AO YPOBHR, 6nlll3Koro K HanpR>KeHllllO Ha'lanbHOro 

CMel.lleHlllR. 

nocKOnbKY rnpaTpOHHble cxeMbl 06nap,a10T BblCOKOH 'IYBCTBlllTenbHOCTblO K aanyCKY 

nl06b1Mlll nocTOpOHHlllMlll lllMnynbCaMlll, MOHTB)I( rnpaTpOHOB cneAyeT secrn 00060 TLl..IB

TenbHO, orp8)1(ABR 111X OT 803M0)1(HOro B03AeHCTBlllR paam1'lHblX HaBOAOK Ill napa3111THblX 

CBR3eH, yMeHbWaTb AO npeAena eMKOCTb Ill 111HAYKT"1BHOCTI> l\/IOHTa)l(B, a cxeMHble ane
MeHTbl, oco6eHHO PB3Aen111TenbHblH KOHA9HCaTOp B ~en111 ynpasnRIOl.lleH ceTKlll 111 pe3111C

TOP s ~en111 ceTKlll noAroTos111TenbHoro paapRAB cneAyeT np111na111saTb HenocpeACTBeHHO 

K BblBOABM naMnOBOH naHenbKlll. 

YpoK 2. nPOSIIEMA conPR)KEHYJR 
BXOLIHOfO YI IETEPOLJJ1HH0f0 KOH1YPOB 

Ha npeAblAYl.lleM aaHRT111111 Mbl BPOAe 6b1 TaK YAB'IHO pew111n111 npo6neMy «OAHOpy'le'l

HOH» HacTpOHKlll cynepreTePOAi.tHa, KaK BAPYr Bb1RcH111nocb, '!TO np111 O'leBlllAHOH npo

CTOTe KOHCTPYKLJ.111111 Ill 111cnonb30BaHllllll AByxceKlJ,1110HHOro 6noKa nepeMeHHblX KOHAeHca

TOPOB C OAlllHaKOBblMlll KOHAeHCaTOpaMlll CXeMa pa60TaTb He 6yAeT. no'!eMy He 6yAeT? 

Ha'IHeM c Toro, '!TO ecnOMHlllM: AnR TOro, 'IT06bl sen111'1111Ha npoMe~O'IHOH '!aCTOTbl 

OCTasanacb Helll3MeHHOH np111 HaCTPOHKe np111eMHlllKa Ha nio6yl0 'laCTOTY, pa3HOCTb 'laC

TOT HaCTPOHKlll BXOAHOro KOHTYPa Ill KOHTYPa scnoMoraTenbHOrO reHepaTOpa (ero np111-

HRTO Ha3blBaTb reTePOAlll!iOM) AOn>KHa ocrasaTbCR H91113MeHHOH np111 nepecTp0'1Ke c nio-
60H 'laCTOTbl Ha nio6yl0 APYrylO. 

c 3TlllM see RCHO, nown111 ABnbWe. lll3MeHeH111e 'laCTOTbl BXOAHOro KOHTYPa Ill KO!iTYPa 

reTePOAlllHa B03M0)1(H0 ABYMR cnoco6aM111: 1113MeHeHlll0M eMKOCTlll KOHAeHCaTopa np111 

He111aMe1-tHOH lllHAYKTlllBHOCTlll KaTYWKlll n11160 Hao6opoT. KoHCTPYKTlllBHO ropa3AO npol.lle 

1113MeHRTb B WlllPOKlllX npeAenax eMKOCTb KOHA0HCaTopa, 'leM 1113MeHRTb lllHAYKT111BHOCTI> 

KaTYW0K B TaKlllX >Ke npeAenax, n03TOMy Mbl OCTaHOBll1nll1Cb Ha 111cnonb30BaHllllll CABOeH

HOro 6noKa nepeMeHHblX KOHAeHcaTopoe c OAlllHaKOBblM xapaKTepoM 1113MeHeHlllA eM

KOCTlll ot yma noeopoTa poTOpa. Ill nycTb eMKOCTb a KpaHHlllX nono>1<eH111Ax poTOpa co

cTasnReT 10 111 500 n¢>. 

Ecn111 6b1 np111 3TOM lllHAYKTlllBHOCTlll 06e111x KBTYWeK 6bln111 OA111HaKOBb1M111, TO 111 'l!lCTO

Tbl KOHTYPOB COBnaAan111 np111 nl060M nono>KeHllllll poTOpa. 0AHaKO HaM HaAO, 'ff06bt 'IBC

TPTbl 060111x KOHTYPOB KBK pa3 He 6b1n111 OAlllHaKOBblMlll, a OTnlll'IBnlllCb APYr OT APYrB Ha 

eenw1111Hy npoMe>KYTO'IHOH '!aCTOTbl. 
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C 3ntM TO>Ke HeT npo611eM. AonycrnM, pe"lb "1AeT o A/1"1HHOB011HoeoM A"1anaaoHe 
e KpaHH"1M"1 3Ha"leH"1RM"1 "laeTOT B 140 "1 420 KfU,, a npoMe>KYTOLIHYIO "laeTOTY Mbl Bbl6-
pa111.1 paBHOH 460 Kfu,. YeTaHOB"1M poTOp nepeMeHHblX KOHAeHeaTOPOB B no11o>KeH"1e 
MaKe"1Ma11bHOH eMKOern (500 n¢>) "1 nOA6epeM AJlR BXOAHOro KOHTYPa TaKYIO "1HAYKT"1B
HOeTb, np1.1 KOTopoH ero peaoHaHeHaR "laeTOTa eoerae1.1T 140 Kfu,. Aeno 3TO nyeTRKoeoe 
"1 H!llKaK"1X npo611eM He eoeTaB"1T. 

YT06bl B 3TOM no11o>KeH"1"1 poTopa npoMe>KYTO"IHaR "laeToTa OKaaanaeb paBHOH 
460 KfU,, HMO, "IT06bl "laeTOTa reTePOA"1Ha eoeTae1.111a 

140 + 460 = 600 KfU,. 

no>KanyHCTa, 600 TBK 600. YMeHbwaeM "1HAYKT"1BHOeTb KaTYWK"1 reTePOA"1Ha AO eo
OTBeTeTBYIOW.eH Be11"1"1"1Hbl - "1 AellO B W11Rne! C1.1rHan Ha BXOAe - 140 KfU, e1.1rHan 
npoMe>KYTO"IHOH "laeTOTbl - 460 Kfu,. l'1 KTO eKa3a11, "!TO TaKOH np1.1eMHll1K pa6oTaTb He 
6yAeT? Ew.e KaK pa6oraeT! 

Ho noAO>KAeM PMOBaTbCR. noeM0Tp1.1M, "ITO y Hae no11y"!1.1TeR, ee11111 Mb1 aaxornM 
np"1HRTb e1.1rHan e "laeTOTOH 420 Kfu,. noeepHeM poTOp nepeMeHHblX KOHAeHeaTOpoe 
e APYroe KpaHHee no11o>KeH1.1e e eMKOeTblO 10 net>. 

noeKOllbKY "1HAYKT"1BHOern 06e1.1x KaTYWeK y Hae oeTan"1eb He"13MeHHblMll1, a eMKO
ern "13MeH"111"1eb Ha 0A"1HaKOBylO ee11"1"1"1HY "1 B 0A"1HaKOBOe "1"1C110 pa3, TO "1 "!aeTOTbl 
0601.1x KOHTYPOB 1.1aMeHRTeR (yee111.1L1aTeR) e OA"1HaKoeoe L11.1e110 paa. B HaiueM eny"lae 
y BXOAHOro KOHTYPa - B 3 paaa (OT 140 AO 420 KfU,) "1 y reTePOA"1HHOro TaK>Ke B 3 paaa -
OT 600 AO 1800 Kfu,. l'1 ee111.1 Ha H"13KO"laeTOTHOM KpalO A"1ana30Ha npoMe>KYTO"IHaR 
(pa3HOeTHaR) "laCTOTa eoeTae1.111a 

600 - 140 = 460 KfU,, 

TO Ha BbleOKO"!aCTOTHOM Kpaio OHa 0Ka3anaeb paBHOH 

1800 - 600 = 1200 KfU,! 

KaK >Ke TaK no11yL11.111oeb? A 1.1Ha"le 111 He Morno no11y"!111TbeR. EC111.1 HHAYKTHBHoern Ka
TYWeK B npeAenax OAHOro A"1ana30Ha oeTalOTeR He"13MeHHblMll1, XOTR "1 pa3Hb1M"1, a eM
KOern KOHTYPOB "13MeHRIOTeR B 0A"1HaKOBOe "1111C110 paa, TO B TaKoe >Ke "1"1e110 pa3 "13-
MeHRIOTeR "1 "!aeTOTbl 060111x KOHTypoe. A HaM HMO, "IT06bl np111 3TOM He"13M9HHOH 
oeTaeanaeb paaHoeTb "laeTOT srnx KOHTYPOB. 

l.'1Hb1M"1 e11oeaM1.1, e «H"1>KHeM» KOHu,e AB A"1anaaoHa "laeTOTa reTePOA"1Ha AOll>KHa 
6b1Tb paeHa 140 + 460 = 600 Kfu,, a e eepxHeM - 420 + 460 = 880 Kfu,, a eoeee He 
1800 KfU,, T. e. np"1 nepeeTpOAKe poTOpa "13 OAHOro KpaAHero no11o>KeH"1R "laeTOTa 
BXOAHOrO KOHTYPa A011>KHa "13MeH"1TbeR B 3 paaa, a "!aeTOTB reTePOA"1Ha - BO eKOllbKO 
paa? 3To 11erKo noeL11.1TaTb: 880 : 600 = 1,46, T. e. ==1 ,5 paaa. 

Ho 3TO HeB03MO>KHO npaKT"1"10eK"1! BeAb B HaweM eABOeHHOM KOHAeHeaTOpe o6e 
eeKU"1"1 "1MelOT eoeepweHHO OA"1HaKOBble eMKOern! 3Ha"lll1T, HMO eeKU,"1IO reTepOA"1Ha 
eAellaTb e MeHbW"1M nepeKpblTHeM? 

Ee111.1 6b1 3TO "1 YAMOeb eA011aTb, TO "1 B 3TOM eny"!ae Mbl 0Ka3a/1"1eb 6bl Aa11eK"1 OT 
peweH"1R 3aAa"l"1 eoaAaH"1R MHOroA1.1anaaoHHoro np1.1eMH"1Ka. no"leMy? Aa noToMy, "!TO 
Ha APYr"1X A"1anaaoHax - CB, KB 1.1111.1 YKB nepeKpb1rne reTePOA"1HHOA eeKLJ,1.11.1 nepeMeH
Horo KOHAeHeaTopa 6yAeT Ka>KAblA pa3 APYr"1M. Hanp1.1Mep, Ha epeAHeeo11HOBOM A"1a
naaoHe "laeTOTa BXOAHOro KOHTYPa "13M0HReTeR OT 520 AO 1600 KfU, T. e. nO"lnt B Te >Ke 
eaMble 3 paaa, a "laeTOTB reTePOA"1Ha - OT 520 + 460 = 980 AO 1600 + 460 = 2060 KfU,, 
"111"1 B 2, 1 paaa, a Ha KOPOTKOB011HOBOM A"1anaaoHe "laeTOTa BXOAHOro KOHTYPa MeHReT
eR B 3,2, a "laeTOTa reTepOA"1Ha - B 3, 1 paaa. 

TaK "!TO >Ke, A11R Ka>KAoro A"1anaaoHa HY>KHO 1.1MeTb pa3Hble eeKu1.11.1 reTePOA"1HHoro 
KOHA0HeaTOpa? 

PeweH"1e 3aA8"1"1 OKaaanoeb AOeTaTO"IHO npoeTblM. YT06bl nOHRTb ero "1 ou,eH"1lb 
KpaeOTY "1 "13RLU,eCTBO eaMoro peweH"1R, eHa"lana eenOMH"1M, "!TO npo1.1eXOA"1T, eC11"1 Mbl 
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BKJllO"llllM ABa KOHAeHcaTOpa Ct 111 C2 noc11eAOBaTe11bHO. 3To Mbl 3HaeM 1113 3aH~TlllH 

B nepBOH KH11re. B 3TOM CllyYae o6u..iaR eMKOCTb u,enO"IKlll yMeHbWlllTCR 111 CTaHeT MeHb

we eMKOCTlll Ha11M0Hbwero 1113 AByx KOHA0HCaTopoe. A ec1111 6011ee TO"IHO, TO 

C1C2 
Cos~=-c C. 

1+ 2 

nepeA HaMM CTOlllT 38Aa"la yMeHbWlllTb nepeKpb1rne no eMKOCTlll y reTepOAlllHHOH 

ceKu,111111 nepeMeHHOro KOHAeHcaTOpa, np11YeM AllR KIDKAoro A11ana30Ha e onpeAeneH

Hoe, pa3HOe "llllCllO pa3. 3Ha"l11T, Ha Ka>KAOM Alllana3oHe HY'KHO noc11eAoeare11bHO c re

repOAlllHHOH C0KU,1110H KOHA0HC8TOpa BKJllO"llllTb CBOIO AOn011HlllT011bHYIO 0MKOCTb, "IT06bl 

yMeHbWlllTb MaKClllMallbHYIO eMKOCTb ceKU,1111 AO He06XOAlllMOH B01111"111Hbl. BOT Ill BCR 

npo611eMa. 

lr1MeHHO TaK Ill nOCTYnalOT B 1ll060M peanbHOM cyneprerepOAlllHHOM np11eMHlllKe. 3TY 
AOno11H11Te11bHYIO eMKOCTb Ha3blBalOT conpRraioll.\eH, 1111114 Ha PaA11011io611Te11bCKOM R3bl

Ke - ne,D,AlllHrOBOH • .QllR AJ11r1HHOB011HOBOro A14ana30Ha 3Ta eMKOCTb 110>KlllT B npeAellax 

150 ... 200 net>, AJ1R cpeAH0B011HOBOrO - 400 ... 500, AllR KOPOTKOBOllHOBOro - nopRAKa 

4000 ... 5000 net> • .Q/1R KOMMYTall,1111r1 3TOrO AOn011HlllT011bHOro KOHA0HCaTopa 06bl"IHO lllC-

nonb3YIOT OTA011bHYIO C0KLl,llllO nepeKJ110"laTe11R Alllana30HOB 1111160 BKJllO"lalOT conpRra

IOll.\lllH KOHA0HCaTOP noc11eAOB8T011bHO He c C0KLl,1110H nepeMeHHOro KOHA0Hcatopa, 

a noc11eAOBaTe11bHO c KSTYWKOH KOHTYpa, "ITO npaKT11YecK11 no"lrn paeH03Ha"IHO. 

Cnpae0A11111eocr1r1 P8A14 H8AO cK83aTb, "ITO TaKOH cnoco6 06ecneY11eaer 14Aeani:.Hoe 

conpR>K0Hll10 BXOAHOro Ill rerepOA111HHOro KOHTyPOB TOllbKO B AByx 14111r1 Tpex TO"IKBX KS>K

AOrO A11ana30Ha. lr1 TOllbKO B 3TlllX TO"IKBX pa3HOCTb "laCTOT B TO"IHOCTlll COOTB0TCTByer 

3Ha"leH11110 npoMe:>KYTO"IHOH YaCTOTbl. np1111106b1x APYrlllX no11o>KeH11Rx poTOpa nepeMeH

Horo KOHA0HCaTopa npoMe:>KYTO"IHasi "laCTOTa OKa3blBaeTCR 1411111 "IYTb-"IYTb BblW0, 11111111 

"IYTb-"IYTb Hlll>Ke HOMlllHallbHOrO 3Ha"leHlllR, OAHaKO 3TO paCXO>KA0Hllle B0CbMa H03Ha"llll

T011bHO Ill ecerAa HaMHOro M0HbWe nonOCbl nponyCKBHlllSI TpaKTa Yn"I, "ITO He nplllBOAlllT 

K CYll.\0CTB0HHblM 111CK8>K0HlllSIM np111 npl4eMe 1ll06blX CTaH~H Ha BC0M A14anaa0He. 

BOT Tenepb Mbl no3HaKoM1111111cb c npl4Hu,11noM cynepreTepOA14HHoro P8A140npl4eMa, 

nOHR/1111 14 YCB0111114, KaK np014CXOA14T npeo6pa30BaH11e np11H11MaeMOH "laCTOTbl B npoMe

>KYTO"IHYIO Ill KaKl4Ml4 cxeMHblMll1 peweHlllRMlll 3TO AOCTl4raernsi. Ha C110AYIOL1.\0M 3aHHTl111 

Mbl nonpo6yeM caMOCTORT011bHO COCTBBlllTb np11HU,l4nllla11bHYIO cxeMy npocTOrO cynep

reT0POA14HHOro np11eMH11Ka, a Ha cerOAHH 3aKOH"llllM Hawe 3aHHTl4e TP8A14U.140HHblMlll 

KOHTP011bHblMl4 eonpocaMlll. 

3-2073 

KomponbHbie BonpocbI 
1. KaKOVt <PaKTOP B KOPH8 OTnlA'·l88T </JH3Wl8CKH8 npo1..48CCbl, 

npoHCXQ4RLJ.4H8 s ra30HanonH8HHblX npH6opax, or npo1..48ccos, npo

HCXO/tRLJ.4HX BHytpH BaKYYMHblX pa,o.vtonaMn? 

2. KBKHe r83bl HRH napbl 'IBU,48 ,qpyrnx npHM8HRIOT B ra30HanonH8HH&IX 

naMnax? 

3. '18M o6oRCHRIOTCR CKB'IK006pa3Hb/8 H3M8H8HHR <PopMbl B H8KOTOPblX 

TO'IKBX BORbT-aMn8pHblX xapaKT8PHCTHK (BAX) ra30HanonH8HHblX 

npH6opax H 'ITC 3TO 38 TO'IKH? 

4. no'l8MY HH OAHH ra30pa3pR/1,Hb/Vt np11t6op H8Rb3R nOAKJ1t0'18Tb K HC. 

TO'IHHK}' nHTBHHR 683 Orp8HH'IHT8RbHOro (6annaCTHOrO) P83HCTOpa? 

KaKosa </JH3HKa 3Toro orpaHH'l8HHR. 
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5. nepe'IHCflHTe p83Hble npa1.4ecc(:JI, CM8HSllOU(H8 ,qpyr ,qpyra B rB30BOM 

cpe,o.e no Mepe ysenVl'l8HVISI Hanpfl)l(8HVIR VICTO'IHHKB nVITBHVIR, 

H nOK8)1(HTe Ha BOflbT-aMnepHat:f xapaKTepHCTHKe (PHO. 14) Y'IBCTKH, 

COOTBeTCTBYIOU(Vle 3TVIM npa1..4eccaM. 

6. KaKaif H3 y'laCTKOB BAX (PVIC. 14) RBnReTcR pat5a'IHM 11.nR cTat5V1-

nHTpaHOB VI na'leMy? 

7. 'Ira Vl3 c(16R npe,o,crasnRIOT rnparpoHbl c xono,o.HblM KaTO.QaM? KaKa

sa ot5naCTb HX npHM9H9HHfl? 

8. B KBKOM pe)l(V1Me pat5ara10r PTYTH&1e HOHHble naMnbl H tcaKOBB otSP 
nBCTb HX npHMBHBHVIR? 

9. na'leMy npH 0,0.HOBpeMBHHOif nepeCTpORKe 'IBCTOT BJCO,O.HOrO KOHT}I· 

pa VI KOHrypa rerepO,O.VIHB C,O.BOeHHblM nepeMeHHblM KOH,O.BHCBTOPOM 

c H/1,9HTH'IHblMH C8KL.4VIRMVI npOM8)1(YT0'1H8R 'IBCTOTa He OCT89TCR 

naCTORHHOH, a M9HSl8TCfl B WHPOKVIX npe,o,enax? 

10. c KBKOH 1..4en&IO B cxeMy reTepO,O.VIHB BBO,O.HTOR COnJ)RrBIOU(VIH (ne,o,

/1,VIHrOBblt:f} KOH/1,eHcarop, VI KBKHM at5pa30M 3Ta 1..4en& /1,0CTVlrB8TCR? 

11. Bcerp,a nVI VI B KBKOH creneHVI BBe,QeHVle ne,o.,o.HHrasora KOH/1,9HC8TO

pa at5ecne'IVIB88T nOCTORHCTBO VI H9Vl3M8HHOCTb 3HB'IBHHfl npaMeMy

TO'IHOif 'IBCTOTbl npVI nepecTpoRKe npVIBMHHK8 no BC8M'f /1,Vl8n830Hy? 

CerOAHR Mbl npOAOmKlllM 3HBKOMCTBO c OCHOBHblMlll «p9A111omo6111TellbCKlllMlll» T0XH0-

110rl!IRMlll, cpeA111 KOTOpblx eroKHeliiwee Mecrn aaH111MaeT naliiKa. Aeno e TOM, 'iTO y:>Ke 

s caMoe 611111:>Kaliiwee epeMsi, KBK TOllbKO Mb1 noaHaKoM111Mosi c pa6oTOlii no11ynpoeo,o,H111-

KOBb1x np1116opoe - TPBH3111CTOPOB Ill MlllKpocxeM, HaM npeACTOlllT npOAOll>KlllTb MOA0P

HlllSfll.&llllO Hawero npocTeliiwero AeTeKTOpHoro np111eMHl41<a, nocTeneHHO yc11o:>KHS'IR ero 

cxeMy BBeAeHl/leM HOBblX KBCKaAOP ycr .. 111eH111s:i Bl;ilCOKOlii Ill H1113KOlii 'iBCTOTbl, a 3BTeM ne

peliiAeM K C03ABHllllO cynepreTePOAlllHB, 

np111 3TOM HaM npeACTOlllT nOCTOS'IHHO n011b30B8TbCS'I naliiKOlii caMblX pa311111'iHblX 

cxeMHblX 311eMeHTOB, B nepsylO O'iepeAb - TpaH3111CTOPOB Ill MlllKpocxeM. Me)l(,D,y TeM 

naliiKa 3TlllX sneMeHTOB lllMeeT CBOIO cnel-'lll<i>lllKY, He3H8Hllle Ill H0C061110A0Hllle KOTOpolii 

Mo:>KeT Heo6parnMo Bb1secT111 1113 CTPOfl caM111 3Tlll s11eMeHTbl. TaK 'iTO rpaMOTHasi nalii

Ka - 3TO He nplllMlllTlllBHSR onepal.-'lllS'I, a l.-'0118fl HayKa Ill AB>k0 B H0KOTOpolii CTeneHlll lllC

KYCCTBO, n03TOMy 83bl 3TOlii HBYKlll Mbl cerOAHR Ill nonblTSeMCR OAOneTb. 

B OCHOBe nl060lii naliiKlll 110>KlllT np0"-'9CC OAHOBpeMeHHOro MexaHlll'ieCKOro Ill 311eKT

p111'ieCKQrQ coe.a111HeH11fl ABYX 11111111 Hec1<011b1<111x pa306~eHHb1x MeTan11111'iec1<111x nosepx

HOcTelii caMOlii P831111l'iHOlii KOHcj>111rypal.-'llllll B eAlllHOe ""enoe. 



CO&AlllHRTbCR MeM<,D,y cotiolii MOryT n110CK111e nO!ilePXtfOCTlll, TOHK1118 111 TOllOTl:.18 (OAtfO

>KlllllbHble 111 MHoro>K11111bHb1e) npoeoAHlllKlll, BblBOAbl PaA111os11eMeHTOIJ, t.1~Ta1111w1eoK111e 
sneMeHTbl KOHeTpyK~111111 caMblX paa11w1HblX <l>oPM 111 paaMepoe. Coe.u.111ttRT1;tOR MOryr KaK 

OAHOPOAHble, TSK Ill pa3HOPOAHble M9TPJ11lbl. IA BO BOQX arnx ellY'flilFD< np111M&HA~TeR CBOR 

oeo6aR TexHonornR naliiK111 111 1.1eno11i..ayioTeA pa3Ht>ie np111no111, <1>1110ebl, a TaK>Ke pa3HP!e 

TeMnepaTypHble 111 epeMeHHble pe>Ki.1Mbl nai.1K111. 

c '"lero >Ke lly'"lwe HS'"ISTb? Ha HBW B3r/1RA, npaa1-1111aHee H8'"18TI;» c H91(0TOPlllX 06UJ,lllX 

npae11111, 06A3BT911bHblX AJlA acex Clly'"!SeB nai-1Klll. nepeoe Ill maf3ttOe nPQIH1110 QOOTOL-1T 

B TOM, '"ITO Ka'"19CTaO 1110l50"1 nai-1Klll Ha 90% 3BBl.1elllT OT KB'"ISeT!ila npeABaPll1TQl1 .. HOM no,q
roTOBKlll eoeAlllHReMblX Aenu1eA. 

06R38T911bHblMlll 31leMeHTBMlll TQKO!ii npeABBPll1T911bHOlii noArOTOBl<lll Rlillls:llQTOR Tw,a

T01lbHSR M0X8Hlll'"leCKaR 38'-llllCTKa, o6e3>KlllPlllBBHlll9 Ill 38nY>KlllB8Hi.19. 

MexaHlll'"leeKSR 38'"11-1eTKa npOi.13BOAlllTOR COOTBeTen:1y101,Ml/IM llltfCTPY~&HTOM 11111111 M8-

Tep111anoM (06bl'"IHbllii HO>K, HBnllll1bHlllK, HaA<l>11111b, wa6ep 1111160 HB)l(AB'"IHBR 6yMara onpe

A01leHHOlii 3epH111cTOCT111) 111 npeeneAyeT ~ellb YAaJISHlllR p)Ka8'"1111Hbl, OK111ettblX nneHOK, 

llSKOKPBCO"IHblX no1<pb1TlllM, npenRTeTBylOUJ,i.1X o6pa3QBBHL-1IO naRttOro COeAlllMeHl/IR. 

noc11e M9XSHlll'"leCKOlii 38'"11-10TKlll B o6A3aTel1bHOM nopRAK9 npOlll3BOAlllTeR o6e3>Klllplll

BSHl/le 06e111x eoeAlllHReMblX noeepxHoeTeiff, noeKOl1bKY H8nlll'"11110 )l(lllpOBOM nl19HKlll npe

nRTCTByeT KOHTaKTy <1>11ioea e noeepxHOeTblO MeTanna Ill Ka'"leeTBeHHOMy 3811Y>KL-1BBHllllO. 

3any>Ki.1BSHL-1eM H83blBBeTCR npo~eec npeABSPlllT91ll:IHOrO nOKP11!TlllR np~moeM K8>K

AOM 1113 noA11e>KSUJ,i.1X eoe,q111HeHllllO AEnanelii. 

B npeAblAYW.9~, nepi:,oirl l(tflllre Ml:ll Y>KS '"18CTlll'"ltf0 3iTP8r111BlilJU1 3Ty TeMY (Ha TPVTl:tSt,1 

38HRT111111). Ho TOrAB Mbl 8 OCtfOBHOM rOBOPllllllll 0 nastl1bHlllK0 - ero Bb16ope, npeA1c1ap111-

TellbHOlii noArOTOBKe 111 o6pa6oTKe, a TaK>Ke o pae11111'"IM1»1x SlllABX np11moee 111 $11IOQOij, 

111cno11b3yeM1;t1x e npo1.4eoee naliiKlll. 

npoA01l>Ki.1M 3Ty TeMy, paceMBTPlllBBR enonHe KOHKP9TH~e 011y'"la111 naliiKH pa3HblX 

AeTa11eift 1113 paSHblX Meran11oe. IA Ha'"IHeM e onepa'-'"'"' sa11y>K1-1BaH1-1R, noeKOn!:>KY 011a 

lllMeeT eBOlll ene'-'111<1>111'-leCKllle oeo6eHHOeT111. 

Bee MeT1U111b1 MO>KHO ycnoeHo pa3Ae11111Tb tta TPl>1 rpynnb1, no-pa3HOMY noAD.B10UJ,1o1eeR 

38nY>Ki.1BSHl.110. nepsy10 COCT8811RIOT M9Ab Ill ee cn11aBl:il, a TSK>Ke eepe6po, 30110TO, KaA

Mllllii. MeTan11bl rolii rpynnbl (11111111 AeTan111 e noKpb1T111eM 1113 3TlllX MeTan11oe) 11erxo noA

ASIOTCR 3anY>KlllBSHllllO 06bl'"IHblMlll OllOBRHHO-eBlllH'-'OBblMlll np1-1nORMlll e 6eCKlllCllOTHblMll1 

<1>11ioeaM111. 

Bropyio rpynny COCTSBl1RIOT '"10PHble M0T8nllbl (>Kel1930, eTanb), 38ny)l(lll88Hi.1e KOTO

pblx eonpR:llCeHo e TPYAHOCTRMlll 111, KaK npae1-1110, oeyw,eeTBllA&TeR o 111eno11b301Ja1i111eM 

Ki.1C110THblX <1>1110COB ('"law,e eeero TSK H83blBSeMOlii TpaaneHolii eOl1RHOlii Klllel10Tbl - XllO

p1-1eToro ~lllHKa). 

VI, HaKoHe~. K rperbe~ rpynne OTHOCRTCA a11ioM111H1-1lii 111 ece BlllAbl ero or111aeoe 

(BKlllO'"ISR AIOPanb), 38nY>KlllBaHi.1e l<OTOPblX B03MO:llCHO TOllbKO HeCKOllbKlllMH cmet.\t118nb

Hb1Mi.1 cnoco6aM111, o KoTOpblx Mbl eeroAHA 6YA0M roaop111Tb oco6o. 

3anY>1<111BaH11te 11106blx MeTan11oe •MeAHOlii» rpynnb1 ooyw,eeTBllReTCA CTaHASPTHbl~lll 
OllOBAHHO-eBlllH~OBblMlll np111nOAMlll (nOC) Ill 6eCKlllCl10THblMlll <l>1110C8Ml/I, nOAP06Hbllii 

nepe'"leHb KOTOPblX np111BOA1111leR B nepeolii KHlllre (3BHSITlll0 Tp0Tb9). 3T111 :>Ke ASHHble see

rAS MO>KHO H8VlTlll B MHOrQ'"llllOllSHHbilX 1113AQHlllSIX rnna .. no11e3Hbl9 COB8Tbl• 1-1111-1 eoOTB9T

eTBYIOUJ,i.1X enpaBO'"IHL-1K8X. 

C11o>KHee o6eTOlllT Aeno c 3SllY>KlllBSHllleM >Kene3HblX 111 cTanbHblX ABTane~. VI 3ABCb 

B03MO>KHbl ABS nyTlll. nepBblVl nYTb - 3TO 11ten01lb30BSHlll8 B K8'"19CTBe cp1110ea TSK H83bl

eaeMOlii naRllbHOlii Ki.1Cl10Tbl, o6pa3yl0w,eliioi:i np111 TPSBll~t-1111111 KyeOYKOB (rpElHY11) '"111CTOro 

~lllHKa COllRHOlii KlllCl10T01ii. nocne no11Horo paCTBOP0Hi.1R '-'111HKa Ill OTCTOA KlllCl10Tbl lKlllA

KOeTb oeTOPOX<HO Olll.1B8IOT B CT81U1RHHbllii ny3blpeK e nnoTHO np1-1TepTOlii npo6KO!ii. Bee 

pa60Tbl no no11y'"leHllllO naRllbHOlii Ki.1el10Tbl H006XOAlllMO npOBOAfllTb e oeo6olii oeTopo>K-
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HOCTblO, lllM8R nOA PYKOA rOTOBblA eOAOBblA paeTBOP Ha enY"laA nonaAaHlllR Kanenb Kllte
nOTbl Ha KO>KY pyK. 

Ha aa"l1111.1..1eHHb1"1 111 06ea>1<111peHHb1A Y"laeTOK MeTanna HaHoeRT eTeKllRHHOi-1 nanO"IKOi-1 
lllnlll e nOMO~IO «rna3HOH» n111neTKlll HeeKOnbKO Kanenb KlllcnOTbl, KllaAYT eeepxy KYeO"leK 
np111noR 111 xopowo nporpeeaioT MeeTo naAKlll AO nonHoro paCTe"leH111R np111noR. He 0Tpb1-
eaR naRnbHlltKa oi: paennaeneHHOH Kann111, 3Hepr111"IHblMlll AB11t>1<eH111RM11t >Kana naRnbHlllKa 
pacT111pa10T Kannio no eeeA nno~111 6yAy1.1..1ero MeeTa naAK111. 

noene nonHoro OeTblBBHlltR e 3any>KeHHOro MeeTa nonHOeTblO YAMRIOT BSTHblM TaM
nOHOM oeTaTKlll K111enOTbl, npOMblBalOT aany>KeHHblA y"laeTOK eOAOBblM paeTBOpOM, 
38TeM "llllCTOl-1 BOAOH Ill OKOH"laTenbHO nOBTOPHO o6e3>1<111p111ea10T au,eTOHOM. noArOTOB
neHHaR TaKlllM o6pa30M noeepxHOeTb B A8nbHeAweM nerKO naReTeR, KaK Ill MeTannbl 
Me,QHOH rpynnbl. BMeeTO naRnbHOA KlllenOTbl MO)l(HO e yeneXOM 111enonb30B8Tb eMeeb 1113 
paBHblX no eecy KOnlll"leeTB xnopllleToro SMMOHlllR Ill rn111u,ep111Ha. 

BTOpoA - 6eeK111enOTHblA enoeo6 38Klll0"180TeR B 111enonb3oeaH11tlll BMeeTO ci>nioea 
He6onbworo oTpe3Ka o6bl"IHOA xnope111H111noeoA Tpy6K111. OH np111roAeH AnR 3any>1<111ea
HlllR He TOnbKO >Kene3a, HO Ill eTanlll, B TOM "llllene Ill Hep>1<aeeio1.1..1eA. MeeTO npe,QeTORl.l..leH 
naAKlll T~TenbHO, AO 6neeKa, 38"llll~IOT Ill o6e3)1(111plllB8IOT au,eTOHOM 111n111 "lllteTblM 6eH-
311tHOM, Haeyxo npoT111pa10T, KllaAYT Ha Hero KYeO"leK xnope111H111na, Ha Hero - Kannio 111n111 
KYeO"leK np111nOR Ill O"leHb ropR"llltM nasrnbHlllKOM paeT11tpa10T MeeTO naHKlll BMeeTe e pae
nnaeneHHblMlll np111noeM 111 xnope111H111noM AO nony"leHlllR paeHOMepHoro qioR aanyAbl. 

np111 3TOM enoeo6e oeo6eHHO B8)1(H0, "IT06bl 38ny>KlllB8eMblH Y"l8eTOK MeTanna 6bln 
xopowo nporpeT, n03TOMy MOl.l..IHOeTb naRnbHlllKa AOn)l(Ha 6b1Tb He MeHee 90 ••• 100 BT. 

Ha1116onbw111e TPYAHOeTlll npeAcTaBnReT naAKa an10M111H111R 111 ero ennaeoe. Me)l(Ay 
TeM TaKaR noTpe6HOeTb B P8AlllOnl06111T8nbeKOH npaKTlllKe B03Hl/IKaeT AOBOnbHO "laeTO, 
KDrA8 np11tXOAlllTeR np111na111B8Tb 3a3eMnRIOl.l..lllte npOBOA8 11tn11t enel.l,lllanbHble «neneeTKl/f» 
K 8nlOMlllH11teBblM 3KpaHaM KOHTypHblX K8TyWeK 111n111 anlOMlllHllleBOMY waee111. 

Ha1116onee w111p0Ko np111MeHR10TeR ABS np111Hu,111n111anbHO pa3Hb1x enoeo6a: Henoepe,Q
eTseHHaR naAKa e 111enonb30BaH111eM eneu,111anbHblX np111noee 111 ci>nioeoe 111 npeAeap111Tenb
Hoe MBAHeH11te anlOMlllHlltR 3neKTPOXlllMlll"leeKlllM nyi-eM. 

np111 HenocpeAeTeeHHOH naAKe eneAyeT np111MeHRTb np111no111 e eOAep>KaHllleM He Me
Hee 50% anoea (nOC-50, noC-61, noC-90) n11160 eneu,111anbHble np111no111 n200 111 n250. 
np111 ny>KeHllllll np111nORMllt MapKllt nOC B Ka"leeTBe 4>n10ea 11tenOnb3YIOT "llllCTOe MlllHepanb
HOB Maeno, 1.1..1enO"IHOe Maeno AnR "lllleTKllt Opy>KlllR n11160 T8K Ha3blB8eMoe weei.lHOe Mae
no. Ha MecTo, n0Ane>1<a1.1..1ee aany>1<111eaH11110, HaHoeRT enoA Maena 111 noA enoeM Maena 
38"1111~IOT noeepxHOeTb anlOMllfHlllR OeTpblM neae111eM HO)l(a 111n111 wa6epOM, He AOnyeKaR 
KOHTSKTa 38"11111.1..1eHHOro MeeTa e B03AyxOM. naene Tl.l..laTenbHOH 3a"l11teTKlll, rapaHT"1J)y
IOl.l..leH nonHOe YAaneH111e OKl/leHOH nneHKllt e noeepXHOeTl/I anlOMlllHlllR, oey1.1..1eeTBnRIOT 
3any>1<111eaH111e np111noeM e nOMOl.l..lblO xopowo HarpeTOro naRnbHlllKa. 

np111 naAKe np11tnORMlll n200 111 n250 111enOnb3ylOT eneu,l/lanbHblH 4>n10e, npeAeTaBnR
IOl.l..llllH co6oA eMeCb HOAlllA8 m'1TlllR Ill onel/IHOBOH KlllCnOTbl. ,lJ,nR pa3oeoro 111enonb30Ba
HlllR peKoMeHAyeTeR Ha 2-3 r AOAlllA8 n111T111R 20 r (20 Mn) one111HoeoA K111enOTbl. CMeeb 
noMe~IOT B npo6111PKY Ill nOAOrpeealOT, onyeTl/IB npo611tPKY B ropR"IYIO BOAY Ill noeTORH
HO nOM9WlllB8R (B368nTblB8R) AO nonHoro paeTBOpeHlllR eon111. 

)Kano naRnbHlllKB nepeA naAKOH AOn)l(HQ 6b1Tb Tl.l..IBTenbHO 3any>KeHO Ill O"llltl.l..leHO 
OT OK8n111Hbl. nocne naAKllt oeTSTKlll ci>nioea YAanRIOT 88THblM TaMnOHOM e nOMOl.l..lblO 
au,eToHa, en111pTa 111n111 6eH3111Ha. np111 nonaAaH11t111 Ha KO>KY pyK ci>nioe nerKo eMb1eaeTeR 
BOAOA e MblnOM. 

BTOpoUI enoeo6 npeAyeMaTp11teaeT npeABap111TenbHOe OMeAHeH11te TOro y"laCTKa 
anlOMlllHllleBOH noeepxHOCTlll, KOTOPYIO Tpe6yeTeR 3anyAlllTb. ,lJ,nR 3TOro Ha npeABap111-
T8JlbHO 3a"lllll.1..10HHblH Ill 06e3>K111peHHbli.l y"laeTOK HaHOeRT HeeKOnbKO Kanenb Haebll.1..10H
HOrO paeTeopa Me,QHOro KYnOpoca (eepHOKlllcnOH M0Alll). 3aTeM K BnlOMlllHlltlO nOAe09Alll
HRIOT e nOMOl.l..lblO 3a>KlllM8 «KPOKOAllln» lllnlll np11t1W1H"111tBalOT BlllHTOM npOBOA OT OTp111u,a-
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TenbHOro (MlllHycosoro) BblBOAa lllCTO'"IHlllKa nOCTOSIHHOro TOKa, B Ka'"leCTBe KOTOporo 
MO>KHO 111cnonbaosaTb ranbsaH11t'"leCKYIO 6aTapeii\KY Tlllna K6C-Jl c HanpA>K8H11teM 4,5 B, 
cse>KylO 9-sonbTOBylO 6arnpeii\KY «KpoHa» 111n111 MMOMOW,Hbtii\ BbtnpSIM14Tenb c Hanpsl)K8· 
Hl4eM He BblWe 12 B (n11160 8BTOM0611tnbHbliii 111n111 MOTO'-'ll!KneTHbliii aKKYMynsiTOp). 

B nniocosyio '-'enb 14CTO'"IHll!Ka BKnlO'"lalOT cne'-'111anbHOe Hecno>1<Hoe np111cnoco6ne
Hl4e, cocTosiw,ee 1113 cTapoii\ ay6Ho~ w,eTKlll 14 KYCKa ronoro, o6siaaTenbHO MeJJ,Horo, npo
BOAa A11taMeTpOM 1-1,5 MM. KoHe'-' npoBOAa pacnonaraioT BHYTP14 w,eT111Hb1 ay6Hoiii 
w,eTKl4 TaKlllM o6pa30M, '"IT06bl OH B npou.ecce pa60Tbl He KaCMCSl nosepxHOCTl4 MIOMlll· 
Hl4Sl. Bee np14cnoco611eH111e s c6ope noKaaaHo Ha p111c. 16. 

- + 

An1111uHuenaR demanb 

KannR 11edHozo 
KIJnopoca 

P111c. 16. np111cnoco6neH111e Af'IR 0MeAHeH111si anioM111H111eeo~ noeepXHOCTlll 

CMO'"llllB w,eT111HY paCTsopoM MeAHOro KYnopoca, w,eTKO~ Ha'"1111Ha10T pacTlllpaTb noA
roTOsneHHoe MeCTO naii\K14, He AOnycKaSI aaMblKaHlllSI Mep,Horo npOBOAa Ha MIOMlllHl4· 
esylO AeTanb 14 A06asnsiR no Mepe He06XOAlllMOCTl/I paCTBOp. 

OMeAHeH11te nerKO BlllAHO Ha maa, OAHaKO He cnep,yeT cn11tWKOM TOpOnlllTbCSl c OKOH· 
'"laH11teM npo'-'ecca, '"IT06bl cnoii\ Mep,111 OKa3anCA AOCTaTO'"IHblM AllSl Ka'"leCTBeHHOro aany
>KlllBaHl4Sl. OMeAHeHHb1ii\ y'"laCTOK nocne YAaneH111A ocTaTKOB KYnopoca, npOMblBKlll 14 
npocyw111BaH11tA 3MY>KlllBalOT KaK Ill 06bl'"1Hbl0 MeTannbl MeAHOiii rpynnbl. 

l'1 B 3aKn10'"leH11te ew,e OA14H Ba>KHblii\ COBeT. np111 npOMblWneHHOM npOlll3BOACTBe Bbl· 
BOAbl scex PaAlllOAeTaneii\, npeAHaaHa'"leHHblX AllR nasiHblX coeA111HeHl4iii (pea111cTo
pb1, KOHAeHCaTOpbl, nonynpOBOAH14KOBble AfllOAbl, TpaH3111CTOPbl, neneCTKlll paan11t'"IHblX 
pa3beMos 111 naMnosblx naHeneK 111 np.), aapaHee n0Kpb1sa10T cnoeM MeTanna, AOnycKa
iow,ero naii\Ky CTaHAaPTHblMl4 np11tnOAMt.1 Tl4na nOC 6e3 AOnOnHlllTBnbHOiii o6pa60TKl4. 
3TO MO>KeT 6b1Tb nY>1<0H11te (KaK npas111no, XlllMlll'"leCKOe), KaAMlllPOBaHlll9, cepe6peH111e 
111n111 aono'"leH111e. 

0AHaKo c Te'"leH111eM speMeHl4 (oco6eHHO npl4 A1111tTenbHOM xpaHeHl411t c AOCTYnOM 
B03Ayxa) 3Tlll nosepxHOCTlll OKlllCnRIOTCSl, '"ITO OTnlll'"IHO BlllAHO Ha maa no cyw,eCTBeHHO· 
MY noTeMHeH11110 14 Aa>Ke no'"lepHeH14IO 111aHa'"lanbHO 6necTsiw,111x nosepxHocTeiii. TaK111e 
OK11tCn111sw111ecR BblBOAbl AeTaneii\ O'"leHb nnoxo naAIOTCA 14 He 06ecne'"l11tBa10T nony'"leHlllSl 
HaAe>KHoro sneKTp111'"lecKoro C00Al4HeH11tA. Bo scex nOA06HblX cny'"laAx oK111cn111sw111ecA 
BblBOAbl AeTaneii\ He06XOAlllMO OCTPblM HO>KOM aa'"llllCTlllTb AO 611ecKa, Aa>Ke ecn111 c nneH
KOiii OKlllCna YAansieTCSl Ill caMO aaW,lllTHOe noKpblTllle, HaAe>KHO 3MYA14Tb 06bl'"IHblM npl4-
noeM c KaH111cponbHb1M cpniocoM 111 TOnbKO nocne 3Toro 111cno11baoeaTb s pa6oTe. 

AnR aa'"l11tCTK11t nocepe6peHHblX 111 noaono'"leHHb1x BblBOAOB BMecTo neas111si Ho>Ka 
Mffil<HO socnonbaosaTbCR WKOnbHblM nacT111KOM, '"ITO noason111T coxpaHl4Tb caM111 aaw,111T
Hb1e noKpbtTlllA. 
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JJ.\1-urr~•E rurrot 

TeopHH 

YpoK 1. PADOTA 
nAMnOBOro KACKALIA 

Ha "leTblpex npeAblAYll4111X 3SHRTlllRX Mbl B CSMblX 061l.4lllX "lepTax n03HSKOMlllnlllCb 

c np111Hu111noM pa6oTbl aneKTposaKyyMHblX 111 ra3opa3pRAHblX aneKTpOHHblX np1116opos 

(pSAlllOnaMn), lllX ycTpO~CTBOM 11 o6naCTblO np111MeHeHlllR. 

Cnosa ccs caMblX 06~111x "lepTax» CKS38Hbl He cny"lai11Ho, nocKOnbKY np111BeAeHHb1e 

A8HHble 0 PSAlllOnaMnax COCTaBnRIOT Hlll"ITO)f(HYIO "ISCTb 06U4HX CB0A9Hllli11 06 3TlllX 

YAlllBlllTenbHblX np1116opax. AocTaTO"IHO CK83STb, "ITO Mbl orpaH111L1111n1i1cb scero n111wb yno

MMHaH111eM 0 TOM, "ITO K P83PRAY PSAlllOnaMn OTHOOS'ITCR T8Kllle np1116opb1, K8K ocu111n

m~rpact>W·leOKlll8 Tpy6Klll Ill TeneBlll31110HHbl0 KlllH0CKOnbl, MHOrO"llllCneHHble nepeASIOll.41119 

Tenes111s1110HHble Tpy6K111 - 111KOHOCKOnbl, BlllAlllKOHbl, oprnKOHbl, <l>OToaneMeHTbl, <1>0-

TOYMHO:>K111Ten111, np1116op1:11, reHep111py101l.4111e 111 yc111n111sa10ll.4111e c111rHanbl csepxsb1coK111x "18-

0TOT (C8HTlllM9Tpoeoro Ill M111nn111MeTposoro A1118n830HOB) - KnlllCTPOHbl Ill MarHeTpOHbl, 

6e3 KOTOpblX B0061l.4e HeMblCnlllMbl TSKlllB o6nacrn PSAlllOT0XHlllKH, K8K TeneBlllA0Hllle, 

OOBP8M8HHSR M9AlllUlllH8, PSAlllOnOKaUlllR, KOCMlll"10CK8R CBR3b Ill T. n. 

no"l8MY :ll<8 Mbl OCT8Blllnlll 38 60pTOM STiii T0Mb1? 3Ta KHHr8 paCC"llllTSH8 HS H8"1111HS

IOU49f0 P8AlllOn106111TenR Ill nOTOMY lllMBeT 0"10Hb RCHylO Ill orpaHlll"IBHHYIO 38AS"IY: 03H8-

KOMlllTb '1111TSTenR c OCHOBSMlll PSAlllOT0XHlllKlll Ill ASTb 061l.4111e CB9ABHlllR 0 PSAlllOKOMnO

H0HT8X, ee cocTasnRIOU4111X. K TOMY )1(0 c 6onbWlllHCTBOM 1113 yK83SHHblX Bb1we aneKTpo

B8KYYMHblX np1116opos, KSK npaBlllJlO, B0061l.4e He np111A9TCR lllMBTb A0Jl0 B PSAlllOJll06111-

TenbCKOi11 np8KTlllKe. A Ha ceroAHR np111seAeHHblX ASHHblX o PaA140naMn8x H8M enonHe 

AOGTSTO'fHO. 

Bnpo"leM, AOCTSTO"IHO n111? BeAb He 3PR )1(0 roeopRT: ccfpow U0H8 nio6oMy 3H8HllllC>, 

eon111 lllM Henb3R BOCnOnb30BSTbCR Ha npaKTlllK0». TaK Ill 8 HaweM CJly"lae: see, CKa3aH

HOe paHee,- STO scero nlllWb «TeopeTlll"l0CKllli11 6ara:>K», Heo6XOAlllMbli11 MR pa60Tbl 

c peanbHblMlll naMnosb1M111 cxeMaM111. Heo6xOAlllMbliii - AS, HO, yeb1, HeAOCTaTO"IHbliii. 

~T06bl Ha npaKTlllKe 111cnonb30BSTb 3TOT «6ara:>K», HY*HO Bll.40 YMBTb rpaMOTHO ocy

ll49CTBlllTb pac"leT Ill MOHTS:>K JlaMnoeoro KaCKSAS (yc111n111TeJlR 11111111 reHepaTOP8), RCHO 

npeACTSBJlRTb oco6eHHOCTlll ero pa60Tbl, cneu1i1<1>111Ky Hana:>KlllBSHlllR Ill pery11111poBKlll 

Ill T. n. BOT 060 BCeM 3TOM Mbl ceiii"laC Ill noroBOPlllM. 
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Jlt06asi pa,o,111onaMna, npocTo ne)l(a~aR Ha cTone, HlllKOMY He H~Ha. A "IT06b1 ee 111c

nonb30BaTb, Heo6XOAMMO ocy~ecTBlllTb PRA Aei1lcTe111i11: noAKntO"llllTb ee K HeKOTopoi11 

3neKTplll"leCKOili cxeMe, T. e. nOABeCTlll Kee 3neKTPOABM n111Tat0~111e nOCTORHHble HanpR

>KeHlllR OT lllCTO"IHlllKa nlllTaHlllR, nOABTb Ha ynpaenRIO~llli11 3neKTPOA BXOAHOi11 ClllrHan, 

ycTaHOBlllTb H006XOA111Mblili nacnopTHblili pe>KlllM Ha Ka)l(AOM 1113 ee 3neKTPOAOB, o6ecne

"1111Tb «CbeM» none3Horo c111rHana 111 T. n. 

LfT06bl ece 3TO ocy~eCTBlllTb, caMy naMny T0M 111n111 lllHblM cnoco60M 3neKTplll"l0CKlll 

COeAlllHRIOT c u,enblM PRAOM Apyr111x cxeMHblX 3n0M0HTOB - pe3111CTOpaMlll, KOHAeHCaTO

paMlll, TpaHccf>opMaTopaM111, pe3oHaHCHblMlll KOHTYPaM111. Bee 3Tlll ecnoMoraTenbHble 

3neMeHTbl BMeCTe c naMnoili o6pa3ytOT TaK Ha3blBaeMbli11 KaCK8,D,. 

8MeCTO pa,o,111onaMnbl yc111n111TenbHblM (111n111 reHepaTOpHblM) 3n0M0HTOM MO>KeT cny

)l(l/ITb TpaH3111CTOP 111n111 MlllKpocxeMa, HO He3aBlllClllMO OT BlllAa aKTlllBHOro 3neM0HTa nid-
6oi11 KaCKBA ecerAB BblnOnHR0T KaKYt0-n'-'60 onpeAeneHHylO 4>YHK411110. 3TO MO>KeT 6b1Tb 

KaCK8,D, npeABaplllT011bHOro yc111neHlllR 3BYKOBOili "laCTOTbl, 111n111 MO~Hbli11 OKOHe"IHblili KaC

K8,D,, 111n111 yc111n111Tenb BblCOKOili (111n111 npoMe>KYTO"IHOi11) "laCTOTbl, lllnlll reTepOAlllH, 111n111 CMe

ClllTenb e cynepreTepoA111He. 

3AeCb H8,D,O cpa3y npoeecrn "10TKYIO rpaHb Me>KAy cf>yHKU,llleili KaCKBAB Ill Ha3Ha"leHlll
eM 4>YHKu,1110HanbHoro 6noKa e np111eMH111Ke, Tenee1113ope 11111111 MarH'-'ITo<f>oHe. Cl>yHKU,1110-

HanbHblM 6noKOM Ha3blBaeTCR y"laCTOK CX0Mbl, pewat0~111i11 OAHY o6~yl0 38,D,a"ly, Hanp111-

Mep yc111neH111e npoMe)l(YTO"IHOili "IBCTOTbl e np111eMH111Ke. OH MO>KeT coAep>KaTb ecero 

nlllWb OAlllH KaCK8,D, YMLf Ha naMne 111n111 TpaH3111CTOpe, Ill B 3TOM cny"lae MOHRTlllR KaCKa.D,a 

111 cf>yHKU,lllOHanbHOro 6noKa coenBABIOT. Ho 3TO n111Wb OAlllH YacTHblili cny"laili, nocKonbl(y 

ropa3AO "la~e 4>YHKU,lllOHanbHbli11 6noK Ynl.f COAep>KlllT HeCKOnbKO OAlllHaKOBblX (11111111 
HeOAlllHaKOSblX) KaCKa,o,OB Ynl.f. 

3anoMHl.1M 3To 111 y•ffeM, "ITO Aanbwe pe"lb 6yAeT lllATlll 111MeHHO o naMnoeoM KBCK~e. 

BHYTPlll naMnoeoro KaCKB,1:1,a KS>KABR OTAenbHaR A0Tanb B CBOIO O"l0P0Ab pewaeT KaKYt0-

n11160 OAHY Y3KYIO 3BAB"IY. Hanp111Mep, pa3Aen111TenbHble eMKOCTlll, CTOR~111e Ha exdAe i.'i 
Ha BblXOAe KaCKBAB, npeAHa3Ha"leHbl AnR pa3AeneHl/IR nocTORHHOili Ill nepeMeHHOti co

CTaBnRIO~lllX nOABOAlllMOro K KaCK8,D,Y 111n111 CHlllMaeMoro c BblXOAB KaCKBAB Hanpsi>Ke

Hllli11. Pe3111CTOP B u,en111 KaTOAB naMnbl 111n111 3Ml/ITTepa TpaH3111CTopa MO>KeT BblnOnHRTb 

ABe cf>yHKU,111111: ycTaHaen111eaTb een111"1111Hy nepeoHa"lanbHoro «CMe~eHlllR» Ha ynpaensi

tO~eM 3neKTPOA0 Ill onpeAenRTb K03cf>cf>111u,111eHT OTplllu,aTenbHOi11 o6paTHOili CBR3111. Pe3111-

CTOP B aHOAHOili (111n111 KonneKTOPHOili) 1.\9nlll "la~e ecero RBnReTCR TOili caMoili none3HOi11 

Harpy3KOi/i, c KOTOpoili «CHlllMaeTCR» yc111neHHOe naMnoi11 nepeM0HH00 HanpR)l(eH111e c111r

Hana Ill T. A· 
Ka)l(Ablili 1113 BXOAR~lllX B KBCK8,D, cxeMHblX 3neMeHTOB AnR ABHHOi11 KOHKpeTHOili cxeMbl 

AOn)l(eH lllM0Tb OnTlllManbHYIO eenlll"llllHY 111n111, TO"IHee, HeKOTOpbli11 AOCTaTO"fHO Y3Klllili 

Alllana30H AOnycT111Mbl>< 3Ha"leH111ili. Lf111cneHHble 3Ha"leH111R 3TlllX een111Y111H onpeAenRtOTCR 

no cy~eCTBylO~lllM paC"l0THblM cf>opMynaM 111n111 rpacf>111KaM, c HeKOTOpblMlll 1113 KOTOPblX 

Mbl n03HaKOMlllMCR ~e Ha 3TOM ypoKe. 

CaMblM npocTblM yc111n111TenbHblM naMnOBblM KaCK8,D,OM Rem1eTCR Hlll3KO"laCTOTHblili 

yc111n111Tenb Ha TPlllOAe no cxeMe «C o6~111M KaTOAOM», c aKTlllBHblM pe3111CTOPOM B aHOA

HOi11 u,en111, pa60Tat0~111i11 Ha Harpy3Ky, ponb KOTOpoi/i BblnOnHReT peSlllOTOP •YTe"IKlll CeT

Klll» naMnb1 cneAytO~ero KacKaAa. nonHaR np111Hu,111n111anbHaR cxeMa TaKoro KaoKaAa 

np111B0A0H8 Ha p111c. 17. 
Aaeai11 BMeCTe paa6epeMcR c Ha3Ha"leH111eM KB>KAOi11 BXOAR~ei11 e cxeMy KBCKaAa Ae

Tan111. Ha"IHeM c KOHAeHCaTOpa C1. OH Ha3blBaeTCR BXOAHblM pa3Aen111TenbHblM KOHAeH

caTopoM. 8XOAHblM - nOTOMy "ITO OH CTOlllT Ha BXOAe KBCK8,D,8, a pa3Aen111TenbHblM -

nOTOMY "ITO ero eAlllHCTB0HHOe H83Ha"leH111e - He AOnyCTlllTb nona,o,aHlllR nOCTORHHOro 

HanpR>K0HlllR OT BH0WHero lllCTO"IHlllKa ClllrHana (Hanp111Mep, OT AeTeKTopa np111eMHlllK8, 

Ha BblXOAe KOTOporo, KaK Mbl 3HaeM, eCTb Ill nepeMeHHBR, Ill nOCTORHHBR COCTaBnRI01:141110) 
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l----------------------
P111c. 17. np111H~111n111anbHaR cxeMa yc11111111ranb
Horo K8CK8A8 Ha aneKTpOB8KYYMHOM TplllOAe 

Ha ceTKy naMnbl Hawero KaCKSAa. Ecm11 

AOCToeepHO 1113B9CTHO, "ITO lllCTO"IHlllK 
c111rHa11a He COAep)l(lllT nocTOSIHHOili co

CTaBJlRIO~ili (Hanp111Mep, MarHlllTHaR 11111111 

nbe30KepaMlll"leCKaR rOJlOBKa 3BYKOCHlll

MaTe11R), TO pa3AeJ1111TeJ1bHblili KOHAeHca

TOP Ha BXOAe KaCKSAa MO)l(eT B006U\e 
OTCYTCTBOBaTb. 

OT ee11111"1111Hbl eMKOCTlll 3Toro KOHAeH

caTOpa 3ae111c111T TOJlbKO CTeneHb oc11a6-
11eHlllR ClllrHana CaMblX Hlll3KlllX "laCTOT 
yc11111111eaeMoro cnel<Tpa, T. e., roeopsi 60-

11ee CTporo,- HepaBHOMepHOCTb A'iX 
B 06JlaCTlll Hlll3WlllX "taCTOT. 

'ieM eMKOCTb KOHAeHCaTOpa 60J1bWe, 

TeM MeHbWe aaean H1113WlllX "laCTOT Ill TeM 

MeHbWe HepaeHoMepHOCTb A'iX yc11111111-
Te11si. np111 paC"leTe BeJllll"llllHbl 3TO!li eM

KOCTlll no cpopMynaM 06R3aTeJ1bHO Y"llll-

TblBaeTCR Ill BeJll/l"llllHa conpOTlllBJleHlllR 

pea111cTOpa Rt, nocKOllbKY "'eno"IKa C1R1 RBJlReTCR Ae11111Te11eM Hanpsi*eH111R, aae111csi

U\lllM OT "ISCTOTbl c111rHana. Pea111cTop Rt np111HRTO Haab1eaTb conpoT111e11eH111eM YTe"IKlll 
ceTKlll naMnbl. 

no"leMy 111MeHHO TaK - ceili"lac paa6epeMcsi. BcnoMHlllM, "ITO npo111cxoA111T c 311eKT
poHHblM nOTOKOM BHYTPlll JlaMnbl, KOrAS OHa pa6oTaeT. 8blJ1eTeew111e 1113 KaTOAS CB060A
Hble 3JleKTp0Hbl nOA B03AeiliCTBllleM nOJ10)1(111TeJ1bHOro noTeH"'111ana aHOAa ycTpeMJlRIOT

CR K HeMy, CB060AHO nponeTaR CKB03b BlllTKlll ceTKlll, ec11111 ee noTeH"'lllan paeeH noTeH

"'111any KaTOAa. 0AHaKO KaKaR-TO "laCTb 3JleKTpOHOB, HenocpeACTBeHHO CTOJlKHyewaRCR 
c npOBOJlO"IHblM BlllTKOM ceTKlll, «OCeAaeT» Ha 3TlllX BlllTKax B c11111y 3aKOHa eceMlllpHoro 

TRrOTeHlllR, nOCKOJlbKY Macca OTAeJlbHOro 3JleKTpOHa HeCOlll3Mep111Ma c Maccoili npoeo
JlO"IHOili ceTKlll. 

ECJ1111 6b1 conpon1e11eH111si YT9"1Klll He 6bl110, HaxOASIU\SRCR e my6oKOM eaKYYMe ceTKa 
OKa38JlaCb 6bl 3JleKTplll"leCKlll nOJlHOCTblO 1113011111pOBaHHOili OT APYrlllX 3JleKTPOAOB, B c11111y 

"lero OCeAatOU\llle Ha ee BlllTKax 3JleKTpOHbl nocTeneHHO HaKanJ1111Ba11111Cb, C03A8BaR co6-

CTBeHHblili OTPlll"'8TeJ1bHblili noTeH"'l/lan ceTKlll, KOTOpblili B KOH"'e KOH"'OB CTan 6bl npenRT
CTBllleM AnR CB060AHOro nponeTa 3MlllTlllPOBaHHblX 3J19KTPOHOB CKB03b BlllTKlll ceTKlll. 

'iT06bl 3TOro He npOlllCXOAlllJlO, BblBOA ceTKlll "lepea pe3111CTOP c 60J1bWlllM conpOTlllB-

11eH111eM COeAlllHRIOT BHe naMnbl c BblBOAOM KaTOAS. 'iepea 3TOT pe3111CTOP HaKan11111ea
IOU\llleCR Ha BlllTKax ceTKlll 3JleKTpOHbl KaK 6bl CTeKalOT o6paTHO Ha KaTOA, OTKYAS Ill no
WJ10 H83BaHllle «YTe"IKa CeTKl/I», 

,lJ,JlR BblnOJlHeHlllR CBOlllX 4>YHK"'lllili a6COJ1IOTH8R BeJllll"ll/IHa pe3111CTOpa YTe"IKlll ceTKlll 
TeopeTlll"leCKlll He lllMeeT 3Ha"leHlllR, OAHaKo Ha npaKTlllKe 3Ta eeJll/l"llllHa lllMeeT orpaHlll

"llllBBIOU\llle cf>aKTOPbl KaK c Hlll)l(Heili, TaK Ill c eepxHeili CTOPOHbl. ,D,e11aTb 3TO conpOTlllBJle

Hllle ManeHbKlllM HeBblroAHO no ABYM coo6pa*eH111siM: eo-nepeblx, 3TO conpoT111BJ1eH111e 

wyHT111pyeT BblXOA npeAblAYU\ero KaCKSAa, yMeHbwasi ee11111"1111Hy nOABOAlllMoro nonea

Horo c111rHana, a eo-eTOpblx, yMeHbWeH111e conpoT111BlleH111S1 YTe"IKlll np111BOAlllT K npe111My
U\8CTBeHHOMY oc11a611eH11110 ClllrHana caMblX Hlll3KlllX yc11111111eaeMblX "laCTOT cneKTpa, 0 "18M 
Mbl TOJlbKO "ITO roeop11111111, paccMaTp111easi HaaHa"leH111e KOHAeHcaTopa C1. 

,D,enaTb conpoT111e11eH111e YT8"1Klll o"leHb 6011bWlllM TaK*e Hellb3R, nocKOJlbKY e 3TOM 
cny"lae Aa*e He3Ha"llllTeJ1bHblili no eeJllll"llllHe nOCTORHHblili TOK, C03A8BaeMblili «CTeKa

IOU\lllMlll» 3JleKTpOHaMlll, nplllBOAlllT K nORBJ18HllllO Ha ceTKe (OTHOClllT8JlbHO KaTOAa) aa

MeTHOro OTPlll"'8TellbHoro noTeH"'111a11a, "ITO 111cKa*aeT Bb16paHHblili pa60"1111ili pe*lllM 

JlaMnbl Ill MO)l(eT Aa*e np111eeCTlll K ee «3an111paHllllO», n03TOMY eeJllll"llllHY pe3111CTOpa 
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yTe'IKlll CeTKlll CTapalOTCR Bbl6111paTb KaK MO>KHO 6onbWlllM, HO He npeBblWalOW,lllM MaKClll
ManbHO AOnyCTlllMOro AnR AaHHO~ naMnbl nacnopTHOro 3Hal.feHlllR. 3ro nacnopTHOe 
3Ha'feH111e onpeAensiercsi e npo®cce pa3pa60TK111 111 nepe111LfHblX na6oparopHblX 111cnb1Ta
HlllH naMnb1 111 orpa>Kaercsi s rexH111LfeCKOH AOKYMeHra~111111 HapsiAY c APYrlllMlll npeAenb
HO-Aonycr111MblM111 napaMerpaM111. 

Pe3111crop R2 Haab1eaior aHOAHOH Harpy3KOH naMnb1. Heo6XOAlllMO pa3Aen111Tb ABa 
nOHRTlllR: Harpy3K8 naMnbl Ill Harpy3K8 KaCK8A8. Llyrb A&nbWe Mbl nOAP06HO pacCMOT
PlllM 3TO pa3nlll'fllle, a CeHLfaC 6yAeM CLflllTaTb, LfTO ew.e OAHOro pe3111CTOpa, KOTOPblH Bbl
HeceH 3a rpaHlllLJ,bl KaCK8A8 Ill o6o3Ha'feH nyHKTlllPOM, npoCTO He cyw.ecrsyeT. 

LITO npo111cxOAlllT c pe3111cropoM R2, KOrA8 KBCK8A nOAKnlOLfeH K lllCTOLfHlllKY n111raH111si? 
no HeMy npoTeKaeT aHOAHblH TOK, C03AalOW,lll~ Ha pea111crope HeKOTOpoe nSAeHllle Ha
npsi)l(eHlllR, KOTOpoe KaK 6bl Bbl'fl/ITaeTCR 1113 o6w.ero Hanpsi)l(eHlllR lllCTOLfHlllKa n111TaHlllR. 
B pe3ynbTaTe Ha aHOAe naMnbl OTHOClllTenbHO MlllHyca lllCTOLfHlllK8 ocraeTCR HeKOTOpoe 

Hanpsi>KeH111e Ea, paeHoe 

Ea= EHCr - ER2. 
3To nocTORHHOe HanpR)l(eH111e Ha aHOAe OCTaeTCR Helll3M0HHblM TOnbKO AO rex nop, 

noKa Ha ynpasnRIOW.YIO CeTKy naMnbl He noAaeTCR none3HblH ClllrHan B Bl/IAe HeKOTOporo 
nepeMeHHOro Hanpsi)l(eHlllR. 3To COCTORHllle naMnbl Ha3blBalOT COCTORHllleM nOKOR, a yc
TaHOBlllBWlllHCR nplll 3TOM pe)l(lllM (T. e. Benlll'flllHa aHOAHOrO Hanpsi)l(eHlllR Ill COOTBeTCTBy
IOUJ,8R eMy eenlll'flllH8 aHOAHOro TOKa) Ha3blBalOT pe)l(lllMOM nOKOR. 

Ha p111c. 18 np111seAeH rpacj>111K (aHOAHasi xapaKTep111cr111Ka) HeKoero ycnoeHoro rp1110AS, 
AnR KOTOporo B pe)l(lllMe nOKOR np111 Ha'f&nbHOM HanpR)l(0Hllllll CMew,eHlllR Ha CeTKe, pae
HOM -2 B, aHOAHblH TOK nOKOR cocraensier 4,5 MA, LfTO np1116n1113111TenbHO COOTBeTCTByeT 
cepeAlllHe npsiMon111HeHHOro y'faCTKa xapaKTeplllCTlllKlll (TOLfK8 6 Ha rpacj>111Ke). 
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P111c. 18. AHOAHBR xapaKTep111crnKa TPlllOAB, 111nmocrp111pyiow,aR 111aMeHeH111e 

BP.nlll'·llllH BHOAHOro TOKa Ill BHOAHOrO HanpR>KeHlllR naMnbl B 3BBlllClllMOCTlll 

OT aMnnlllTYAbl Ill cf>B3bl BXOAHOrO ClllrHana 
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nocMOTPlllM, YTO 6yAeT npOlllCXOAlllTb, ecn111 Mbl nOAa.QlllM Ha CeTicy ClllHYCOlllAanbHOe 
HanpR)l(eH111e c paaMaxoM ±1 B. Bo epeMR 0Tp111uaTenbHOili nonyeonHbl cyMMapHoe Ha
npR>KeH111e Ha ceTKe 1113MeHlllTCR Ha 1 B OT -2 B AO -3 B, YTO np111eeAeT K yMeHbWeHllllO 
aHOAHOro TOKa AO 2 MA (TOYKa A Ha rpatf>111Ke). A eo epeMR nono>K111TenbHOlii nonyeonHbl 
HanpR>KeH111e Ha ceTKe 1113MeHlllTCR OT -2 B AO -1 B, YTO nplllBeAeT K yeen111YeHllllO aHOA
Horo TOKa AO 7 MA (TOYKa B Ha rpatf>111Ke). VIHblMlll cnoeaM111, c111Hyco111AanbHb11ii c111rHan 
c aMnn111TYAOili 2 B, nOAaHHblili Ha ceTicy naMnbl, nplllBOAlllT K lllSMeHeHllllO aHOAHOro TOKa 
Ha 5 MA (OT 2 AO 7 MA). 3anoMHlllM STiii ABe een111Y111Hb1. 

Tenepb nOiliAeM ABJlbWe Ill npeAnOnO>KlllM, YTO HanpR>KeH111e lllCTOYHlllKa y Hae paeHO 
20d B, a een111Y111Ha pea111crnpa R2 cocTaenReT 10 KOM. B sTOM onyYae np111 TOKe noKOR 
4,5 IVIA Ha p~alllcTope R2 naAeH111e HanpR)l(eH111R cocTae111T 45 S, a Ha aHOAe naMnbl ocTa
HeTCR 200 - 45 = 155 B. A np111 nOAaYe Ha BXOA naMnbl Hawero ClllHYCOlllABJlbHOro c111rHa-
11a aHOAHbllii TOK 6yAeT MeHRTbCR OT 2 AO 7 MA, naAeH111e HanpRX<eHlllA Ha pe3111CTope 
Harpy3Klll 6yAeT MeHRTbCR OT 20 AO 70 B, a aHOAHOe HanpR>KeH111e OOOTBeTCTBeHHO OT 
200-20=180 BAO 200- 70=130 B, T. e. Ha 180-130= 50 B. 

VIHaYe roeopR, noAaB Ha ceTicy nepeMeHHOe HanpR>KeH111e een111Y111Holii 2 B, Mbl nony
t1111m11 Ha pea111cTope HarpyaK111 TaKoe >Ke no tf>opMe 111 yacToTe HanpR>KeH111e een111Y111Holii 
50 B. Han1111.10 oyee111AHOe yc111neH111e c111rHana e 25 paa! 

Mi.1 0Kaaam11: «T&Koe >Ke no tf>opMe 111 YaCTOTe». 0AHSKO HanpR>KeH111e Ha pea111cTope 
Harpy3Ke cyw,eCTBeHHO OTn111YaeTCR OT nOABeAeHHOrO K CeTKe naMnbl He TOnbKO no ee-
11111YlllHe, Ho 111 no <J:lase. 

,D,ano B TOM; YTO yeen111YeH111e nonO>KlllTSnbHOro HanpR>K9HlltR Ha CeTKe Ill COOTBeT
CT~eHHO ysenlllY9Hllfe SHOAHOrO TOKa nplllBOAlllT K yMeHbW8HllllO HanpR>KeHlllR Ha aHOAe 
Ill Hao6opoT, T. e. HanpR>KeH111e Ha BblXOAe KaCKa,Qa HaXQAlllTCR B r1pOTlllBo<t>aae c HanpR
>KeHllleM Ha ero exoAe. 3Ta oco6eHHOCTb yc111n111TenbHoro KaCKaAa eecbMa cyw,ecTeeH
Ha, 111 K STOMy Mbl 6yAeM ew,e He paa eoaepa~TbCR. 

VI, HaKOHeu. B Haweili cxeMe OCTancR ew,e OAlllH pe3111CTOp - R3 B uen111 KaTOAa 
naMnb1. Paa6epeMCR 111 c HlllM. KaK Mbl Y>Ke roeop111n111, nepeoHaYanbHbllii pe)l(lllM naMnb1 
{pe>KlllM nOKOR) Bb16111pat0T TaKlllM, YT06bl np111 noAQYe Ha ee ynpaenRIOW,YIO ceTicy nepe
MeHHOrD HanpR>KeHlllR none3HOro ClllrHana «pa6oYaR TOYKa» Ha aHOAHOlii xapaKTeplllCTlll
Ke He BblXOAlllna B o6naCTb nonO>KlllTenbHblX 3HaYeHlllili np111 MaKClllManbHOlii aMnnlllTYAe 
BXOAHOro ClllrHana. 

'"IT06b1 o6ecneYlllTb BblnonHeH111e sToro ycnoe111R, Ha ynpaenRt0w,yt0 ceTicy aapaHee 
3aAalOT HeKOTOpoe nOCTORHHOe HanpR>KeHllle (HanpR>KeH111e CMew,eHlllR) OTPllll.laTenbHOili 
nonRpHOCTlll OTHOClllTenbHO KaTOAa, KaK 6bl CMe~R pa60 .. yt0 TOYKY B pe>K111Me nOKOR 
B CTOpOHY MlllHYCOBblX 3HaYeHlllili. Ocyw,eCTBlllTb STO L\llO>KHO pa3HblMlll cnoco6aMlll, Ha
np111Mep c nOMOW,blO AOnOnHlllTenbHOro lllCTOYHlllKa nOCTORHHOro HanpR>KeHlllR, KaK 3TO 
6blno CAenaHo e cxeMe Ha p111c. 8,6 (c. 27.) 

0AHaKO eCTb Ill APYroili, 6onee npOCTOlii cnoco6, COCTORlltlllili B TOM, YTO B pa3pb1B 
uen111 KaTOAS BKnt0Yat0T AOnonH111TenbHblili pea111cTop. SepHeMCR K p111c. 17111 nocMoTplllM, 
YTO npOlllCXOAlllT np111 nOAKntOYeHllllll cxeMbl K lllCTOYHlllKY n111TaHlllR. Me)l(Ay nntOCOM Ill Mlll
HYCOM lllCTOYHlllKa o6paayeTCR nocneAOBaTenbHaR 3aMKHyTaR 3neKTp111YecKaR uenb, 
COCTOR~R 1113 Tpex conpOTlllBneH1111ii: pe3111CTOpa aHOAHOili Harpy3Klll R2, BHYTPeHHero 
conporneneHlllR naMnbl R1 111 pea111crnpa e uen111 KaTOAS R3. nocKonbicy TOK Yepea ece Tp111 
pea111cTopa npoTeKaeT e OAHOM HanpaeneH111111, nonRpHOCTb HanpR>KeHlllR, naAat0w,ero 
Ha 3TlllX conpOTlllBneHlllRX, noKa3aHHaSI Ha p111cyHKe 3HaYKaMlll «+» Ill «-», TaK>Ke 6yAeT 
OAlllHaKOBOili. 

B YaCTHOCTlll, Ha pe3111CTope R3 Ha KSTOAe naMnbl OKa>KeTCR nnt0c no OTHOWeHllllO 
K o6w,eMy MlllHYCOBOMY BblBOAY lllCTO"IHlllKa n111TaHlllR. Benlll"llllHa STOro Hanpsi>KeHlllR 6y
AeT onpeAenRTbCSI no aaKOHY 0Ma KaK npo111aeeAeH111e een111Y111Hbl aHOAHOro TOKa Ha ee-
11111Y111Hy conporneneH111R pea111cTopa. 
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BeJllll'illlHa aHOAHOro TOKa He MO>KeT 6b1Tb Bb16paHa npOlll3BOJlbHOlii B WlllPOKlllX npe

Aenax, nocKOJlbKY onpeAenReTCR rnnoM naMnbl 111 om111ManbHblM pe*lllMOM noKOR. A ee

n111'i111Hy pe3111CTopa R3 Mbl MO>KeM Bb16111paTb npOlll3BOJlbHO, MeHRR TeM caMblM Ill een111-

'illlHY naAeHlllR HanpR>KeHlllR Ha HeM. 

Tenepb nocMOTPlllM BHlllMaTeJlbHO Ha l..\enb ynpaenRio~elii ceTKlll. Ee BblBOA 'iepea 

pe3111CTOP R1 «YT0'iKlll» TalOKe COeAlllHeH c 06~111M MlllHYCOBblM SblBOAOM MCTO'iHlllka i'llit; 
TaHlllR, a cneAoeaTeJlbHO, 111 c Hlll)KHlllM 110 cxeMe BblSOAOM pea111CTopa R3. A nbcKonbKY 

Ha pea111cTope Rt HeT H111Kakoro naAeH111R HanpR>1<eH111R, MO>KHO YTB0P.>KAaTb, 'iTO Ha ceT

Ke JlaMnbl 6yAeT TaKOlll >Ke noTeHL\lllall, 'iTO Ill Ha Hlll>KHeM KOHL\e pe31ftCTOpa R3, T. e. «MM

HYC» no OTHOW0HllllO K KaTOAY· VI eeJllll'illlHa 3TOro «MlllHyca» 6yAeT paeHa ee.rllll'il/IHe na

A0HlllR HanpR>1<eH111R Ha pea111cTope R3. 
TaKlllM o6pa30M, BBeAR B pa3pb1B l..\en111 KaTOAa noCTORHHbllll pe3111CTOp, Mbl aBTOMa

Tlll'ieCKlll COSAaeM nepeoHa'iaJlbHOe CMe~eHllle Ha ynpaBJlRIO~elll ceTKe, eeJ11114111HY KO

TOporo MO>KHO TO'iHO 3aAaTb, Bbl6111paR B0Jllll'illlHY pe3111CTOpa ~3. KcTaTlll rbeopsl, Takolll 

cnoco6 3aAaH111si CMe~eHlllR TaK Ill Ha3blBaeTCR - aBTOMaTl/l'ieCKOe CMe~eHlfte, a pea111c

TOP B l..\0nlll KaT0,0,a - pe3111CTOpOM aeTOMaTlll'ieCKOro CMe~eHlllR. 06bR6HR0TCR 3TO 

TeM, 'iTO np111 1113M0H9Hllllll B0Jllll'i111Hbl aHOAHOrO TOKa ClllHXPOHHO 1113M0HR0TCR Ill B9Jllll'ililHa 

naAeHlllR HanpR>1<eH111R Ha pea111cTope R3, T. e. cxeMa 1<aK 6bl caMa cneAlllT aa TeM, 4T06bl 

nplll 1113MeH0HlllRX aHOAHOro TOKa aeTOMaTlll'ieCKlll 1113M0HRJ10Cb 6bl Ill no110>1<eH111e pa6o

'ielll TO'iKlll Ha xapaKTep111cT111Ke naMnbl. 

A celll'iac, nonb3yRCb nony'ieHHblMlll 3HaHlllRMlll, nonb1TaeMCR caMoctoRTeJlbHO 11po-

111aeecT111 npaKT&11'ieCK111&11 pac'ieT naMnoeoro KaCKaAa Ha enonHe peanbHOM naMnaeoM 

Tp1110Ae. 

CaMblM npoCTblM yc11111111TenbHblM naMnOBblM KaCKaAOM RBJlRSTCR yclft11111TeJlb aeyKo

eolll 'iaCTOTbl Ha Tp111QAe no cxeMe «C 06~111M KSTOAOM». Ero cxeMa nonHOCTblO oooTBeT

cTeyeT np111BeAeHHOlll Ha p111c. 17. 
Pac'ieT Jll06oro JlaMnoeoro KaCKaAa, CTporo roeopR, COCTOlllT 1113 AByx COCTaBJlRIO

~lllX. nepeaR npeACTaBnReT co6olll o6R3aTeJlbHbllll Ill no B03MO)l(HOCTlll M8KClllMaJlbHO 

TO'iHbllll paC'i0T, 06beKTaMlll KOTOporo RBJlRIOTCR aneMeHTbl, onpe.QeJlRIO~llle 3JleKTPlll

'ieCKllllll pe>KlllM caMOlll naMnbl: pe3111CTOP B aHOAHOlii l..\enlll JlaMnbl (R2), pe3111CTOP aeTO

MaTlll'i0CKOrO CM0~0HlllR B KaTOAHOlll l..\9nlll (R3), a T8K)l(0 napaMeTpbl lllCTO'iHlllKa n111Ta

HlllR (nOJlHOe HanpR>K0Hlll0 Ha ero BblXOA0, OTAaeaeMbllll B Harpy3KY TOK, CTeneHb AOnyc

TlllMOlll nyJlbCal..\111111 BblnpRMJ10HHOro HanpR>K0HlllR). 

BTOpaR COCTaBJlRIO~R pac'ieTa He ecerAa RBJ1R0TCR o6R3aT9JlbHOlii Ill MO>K0T HOClllTb 

np1116111113111TenbHblil1 xapaKTep. STO KacaeTCR pac'ieTa eenlll'illlH «ecnoMoraTenbHbJX» 311e

MeHTOB KaCKaAa - BXOAHOro Ill BblXOAHOro pa3A0J1111TeJlbHblX KOHAeHcaTopoe, 6JlOKlllPO

BO'iHOro KOHAeHCaTOpa napanneJlbHO pe3111CTOpy R3, a TaK)l(e y'ieTY BJllllRHlllR TaK Ha3bl· 

eaeMblX napa3111THblX 0MKOCTelll (co6CTB0HHbl0 M0>KAY3J10Ktpo,b,lible 0MKOCTlll caMOlll 

naMnbl, eMKOCTlll JlaMnoeolll naHeJlbKlll 111 MOHTa>KHblX npOBOAOB Ill T. n.). 

PaC'ieT Ill y'ieT BJllllRHlllR 3TlllX 3JleM0HTOB CKa3blBaeTCR B OCHOBHOM Ha HepaBHOMep

HOCTlll A4X KaCKaAa Ill YCTOlll'illlBOCTlll ero pa60Tbl Ha BblCOKlllX 'iaCTOT8X. ECJllll >Ke B0Jllll

'i111Ha HepaBHOMepHOCTlll A4X B npeAenax pa60'ielll nOJlOCbl 'iaCTOT CTpOro He oroeap111-

eaeTCR, TO een111'i&11Hb1 eMKOCTlll KOHAeHcaTOpoe C1, C2 111 C3 enonHe AOnycrnMo eb16111-

paTb «C aanacoM», no np&11Hl..\&11ny «'ieM 6onbwe, TeM ny'iwe». B paayMHblX npeAenax, 

pa3yMeeTCR. 

A celll'iaC 6yAeM C'illlTaTb, 'iTO nepeA HaMlll CTOlllT 3aAa'i8 pacC'illlTBTb KOHKpeTHbllll 

KaCKaA npeABap111TeJlbHOro YClllJllllTeJlR 3BYKOBOlll 'iaCTOTbl, pa60Ta10~ero OT lllCTO'iHlllKa 

ClllrHaJla c HanpR>K0Hlll0M UcHrH = 150 MB a Alllana30lie LfactOT (jT 20 rl..\ AO 20 1<ru Ill npe,b,

Ha3Ha'ieHHOro AJlR «paCKa'iKlll» MO~Horo OKOHe'iHOro yClllJllllTeJlR Ha naMt1e Tlllna 6n14n. 
13 Ka'ieCTBe naMnbl AJlR Hawero KaCKaAa aapaHee BblAeneH OAlllH 1113 tplitOAOB ABO!il!Horo 

TPlllOAa rnna 6H2n. 
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6H2fl 

280 JOO 320 Jt.O 

P11c. 19. MeTOAMKa ebl6opa pa6o'lero pe)l(MMa naMnbl 
no ceMeACTBY ee 8HQAHblX xapaKTepMCTMK 

noCKOnbKY Tlllnbl 06e111x naMn HaM Y'K0 3a,o,aHbl, Bblnl/IW0M He06XOAlllMb10 AJISI pac'!e· 
Ta cneAyt0~111e nacnopTHb1e AaHHble 3Tlllx naMn: 

AJISI naMnbl 6H2n: 

EA=250B 
Ec=-1,5 B 
/A= 2,3 MA 
5=2,1 MA/B 
µ=97,5 
Ri=46,5K0M 
RcMAKc = 0,5 MOM 

AJISI naMnb16n14n: 

Uex. HOM = 5,5 B 
RYTE'l, c = 0,47 MOM 

Ha'IHeM c aneKTp111'!ecKoro pac'feTa cxeMHblX aneMeHToe, onpeAensit0~111x pa60Lf111rli 
pe>KlllM caMOrli naMnbl, AJISI Lfero eocnonb3Y9MCSI Y'K0 1113B0CTHOrli HaM M0TOAlllKOrli (rpa
cj>o-aHanl/ITlllLfeCKlllrli pacl.feT} c 111cnonbaoeaH111eM ceMerlicTea aHOAHblX xapaKTep111cT111K. 

CeMerliCTBO TaKlllX xapaKTeplllCTlllK AJISI OAHOro TplllOAa naMnbl 6H2n np111BeAeHO Ha 
p111c. 19. npe>KAe ecero OTMeT111M Ha eepTlllKanbHOrli 111 rop111aoHTanbHOrli ocsix rpacj>111Ka 
ABe TOLfKlll, COOTBeTCTBYIO~llle nacnopTHblM 3Ha'feHlllSIM eenlll'fl/IH aHOAHOrO TOKa Ill 

aHOAHOrO HanpSl>K0HlllSI: 
/A=2,3 MA, UA=250B. 
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npoeeAeM orpaH111"1111Te11bHY10 npRMYIO A-A'. Bblwe (npaeee) aToi.111111H111111 111cno11bao
eaTb naMny Henb3R. KCTaTlll, Ha 11I060i.1 TO"IKe 3TOH nlllHllllll nerKO onpeAelll/ITb eenlll"llllHY 
OnTlllManbHOro conpOTlllBlleHlllR Harpy3Klll naMnbl np111 pa3HblX HanpR)l(eHlllRX Ha ceTKe. 
3TO conpoT111eneH111e, KOM, 6yAeT paeHo 

UA 
RH=-,;· 

rAe UA - aHOAHOe HanpR)l(eH111e, B; /A - aHOAHbli.1 TOK, MA. 
np111 eb16ope Ha"lanbHOro pe)l(111Ma noKOR naMnbl H~Ho 06ecne"l111Tb eblno11HeH111e, no 

Kpai.1Hei.1 Mepe, AByx OCHOBHblX ycnoe111i.1: 
1. np111 Ha1116onbwei.1 aMnnlllTYAe BXOAHoro c111rnana cyMMapHoe HanpR)l(eH111e Ha ceT

Ke A0n)l(H0 OCTaBaTbCR OTplllu,aTellbHblM, )l(ellaTellbHO XOTR 6bl c ABYKPaTHblM aanacoM 
BO 11136e~Hllle 803HlllKHOB0HlllR ceTO"IHOrO TOKa c He111a6e)l(Hb1Mlll B 3TOM cny...ae He11111-
HeHHblMlll lllCKa>KeHl/IRMl/I. 

2. ,D,se COC0AHl/le c Bb16paHHOH KPlllBble AQn)l(Hbl 6b1Tb MaKClllManbHO ClllMM0TPlll"IHbl, 
T. e. JllllHeHHOe pacCTORHllle Me>K,Qy HlllMlll Ill OCHOBHOH KPlllBOH, 1113MepeHHOe no orpaHlll
"llllTenbHOH npRMoi.1 A-A', AOll>KHO 6b1Tb OAlllHaKOBblM (Ha p111c. 19 aTo 0TpeaK11168111 Er). 

nocKOllbKY BXOAHOH Cl/lrHan B HaWeM cny...ae COCTaB11R0T scero 150 MB (111111110,15 8), 
nepeoe 1113 yc11oe111i.1 nerKo YAOBlleTsopReTCR (np111T0"'1:: wecT111KpaTHblM 3anacoM) ebl-
6opoM Ha .. anbHOro CM6U,.\0HlllR 1 8, nplll 3TOM OKa3b1BaeTCR YAOBJ10TBOpeHHblM Ill BTG>poe 
ycnoe111e, TaK "ITO B Ka"leCTBe pa6o .. ei.1 TO"IKlll B pe)l(lllMe nOKOR (T. e. np111 OTCYTCTBllllll 
BXOAHOro ClllrHana) Bbl6111paeM TO"IKY 5. 

1113 rpact>111Ka BlllAHO, .. TO 3TOH TO"IK0 COOTB0TCTBYIOT aHOAHOe HanpR>KeH111e 135 B 
111 aHOAHbli.1 TOK 1 MA. no 3TlllM AaHHblM 6e3 TPYAa onpeAenReM om111ManbHOe conpo
T111e11eH111e Harpy3K111: 

135 
RH =-1-=135 KOM, 

a 3aOAH0 Ill conpOTlllBneHl/le aBTOMaTlll"leCKOro CMeU,.\eHlllR B KaTOAe: 

Uc 1 
RK =-=-=1 KOM. 

/A 1 

Tenepb nerKO onpeAe11111Tb peanbHOe 3Ha"leH111e conpoT111eneH111R e 1..ten111 aHOAa, 111cxo
AR 1113 np0A011bHO AOnyCTlllMOro HanpR>K0HlllR lllCTO"IHlllKa (250 8) Ill TOKa nOKOR naMnbl. 
nocKOnbKY HanpR>K0Hlll0 Ha aHOA0 AOn>KHO 6b1Tb 135 8, TO naA0Hlll0 HanpR)l(eHlllR Ha 
aHOAHOM pea111cTOpe AOn>KHO cocTae111Tb 250 - 135 = 115 B, "ITO np111 TOKe 1 MA cooTeeT
CTeyeT conpoT111B11eH11110 115 KOM. 

KaK BlllAlllM, senlll"llllHa peanbHOro conpOTlllBJ10HlllR Harpy3Klll OTnlll"laeTCR OT onTlll
ManbHOH scero Ha 15%, "ITO He TaK cyU,.\ecTeeHHo. Ha npaKT111Ke e AaHHOM KOHKpeTHOM 
cny...ae, yYlllTblBaR H03Ha"llllT011bHblH paaMax BXOAHOro c111rHa11a, MO>KHO Bb16111paTb een111-
"llllHY aHOAHOro pe3111CTopa B npeAenax 100 ... 150 KOM, "ITO nO"ITlll He 0Tpa3111TCR Ha HOp
ManbHOH pa6oTe KaCKaAa. 

HeTPYAHO aaMeTlllTb, "ITO ec11111 6bl Mbl ace )1(6 aax0Te11111 np111MeH111Tb om111ManbHb1lil 
pe3111CTOP Harpy3Klll eenlll"llllHOH TO"IHO 135 KOM, HaM np111WJ10Cb 6bl B3RTb lllCTO"IHlllK n111-
TaHlllR c HanpR>KeHlll0M He 250, a 270 B. CaM no ce6e STOT ct>aKT He np111een 6bl K nepe
rpyaKe 11aMnb1, nocKOllbKY Aa)l(e np111 aan111paioU,.\eM HanpR)l(eH111111 -1,5 B (T. e. np111 
weCTlllKpaTHOH neperpyaKe no BXOAY) aHOAHOe HanpR)l(eH111e Ha naMne He npeBblCl/1110 
6bl 170 8 (TO"IKa r Ha rpact>111Ke). 0AHaKO B MOM0HT BKJllO"leHlllR, KOrAa naMna eU,.\e He 
nporpenacb 111 ee aHOAHb1i.1 TOK paeeH Hymo, Ha pea111cTOpe HarpyaK111 HeT HlllKaKoro na
AeHlllR HanpR)l(eHlllR Ill, cneAOBaTenbHO, K aHOAY OKa3bleaeTCR nplllllO)l(eHO nonHoe Ha
npR)l(eH111e BblnpRMlllTenR (+270 8), "ITO npeeb1waeT npeAenbHO AOnycTlllMOe nacnopT
Hoe aHa"leH111e. 
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"f,.o K8C88'1'CR aenlll'flllHbl pe3111CTOP8 «Yf8'4Klll ceTKlll», TO ero 06b1'4HO Bbl6111pa10T pae

HblM M&KClllMBnbHO AOnycTlllMOMy. B HaweM c11y'4ae OHO paeHo 0,5 MOM. Ho nocKOllbKY 

STO 3H8148Mlll8 •H8CT81'1AaPTH08», OCTaHOBMMeR Ha 611111)1(8'1WeM MeHbW0M 3H8Y0Hllllll -

470 KOM. 

Ha 3TOM ocHoeHo'1 pacYeT «pe>KlllMHblX» 311eMeHTOB KacKSAa aaKaH'4111eaeTcR. Mo>K

HO, npaBAa, npoeeplllTb, 06ecneY111BaeTCR 11111 np111 3TOM He06XOAlllMOe yc11111eH111e KaCKa

Aa. no yCllOBllllO OHO AOll>KHO 6'1!Tb He M0HbW0 

Uax.sn14n 5,5 
Kv.PAC'l = -~=30,6. 

LJ!IX.CHrH. U,10 

B03bM8M Ha rpa¢>111Ke AIS8 COC8AH148 l<PlllBble: 1 Ill 0,5 B. Pa3HOCTb HanpRlK8H111'1 H8 

ceTKe B STOM ony'4ae COCTB811Afi!T 0,5 B (TO"IKlll 61.1 8). OnycntB MS STiii)( TQ'i8K nepneH

AMKYllRPbl Ha OCb aHOAHblX HanpR>K0Hlll'1, Ha'1A0M, '4TO l.13M0H0HllllO HanpR)K8Hl.1R HB ceT

K8 B 0,5 B COOTB8TCTsyer MSM9H8Hlll8 Hanp1UK8HlllA Ha 8HOA8 OT 100 AO 135 B, 111111.1 Ha 

35 B. Pa3A&nlltB 35 Ha 0,5, no11y'4111M 1<03¢><1>1111.\lllSHT yc11111eH111R 70, YTO BABOe npeeblwaer 

He06XOAl.1MOe. 

0AM8KO T8K08 yc111neHl.18 l.1M8J10 611a1 M8CTO TOllllKO B TOM cny<ta~. ec111.1 6bl Q 1..&en1.1 

K8TOA8 HS 61:i1no P83l1CTOpa RS. ,lleno 13 TOM, 'fTO nOMlllMO CE10e'1 00HQBH0'1 <l>YHKl,\111111 

sroT pea1.1cTop QAHoapeMeHHO C03A88T l\enb TaK HasbleaeMo'1 OTPlllLU!T&llbH0'1 o6paT

HOOi CBfl31.1 no TOKy. He BABBBSICb rny60l(0 s <l>11131.1KY 3TOro ABJlfilHHA, 06bRCHl.1M 3TO c11e

AYIOll.\lllM o6pa30M. 

noCTORHHBR COCTllBnRIOll.\BR 8HOAHOrO TOKa B p9)1(111M8 nOKOR 003A(l0T t-18 P03111CTOpe 

n&.QeHl.18 nOCTOAHHOro HBnpR>IC8Hl.1R, RBJ1RIOll.\8rOCR HanpR>IC8Hl.18M CM0ll.\0HlllR HB ynpae

llRIOll.\0'1 ceTKe. A np111 HBnlllYllllll n01103HOro ClllrHana B COCTaee aHOAHoro TOl<B nORl;lllR

eTCR nepeMeHHBR COCT8B11RIOll.\BR, BblA011RIOll.\aACR Ha pe31.1CTope Harpy3Kl.1 B BlllA0 yc111-

110HHOro n01103HOro ClllrHana. Mbl Y>K8 OTM0Tlll11111 OAHY Ba>KHYIO oco6eHHOCTb 3TOro Ha

npR>K0Hl.1A: OHO lllM00T npO"!"L190"(l"O>KHYIO ct>aay OTHOCl.1T011bHO BXOAHOro ClllrHana. 

Ho B0Ab nepeMeHH8511 COCT&ElllRIOUUlR aHOAHOro TOKa nporeKB&T He TOllbKO Yepe3 

pe3111CTOp R2, HO 1.1 yepea pe3111CTOP R3, Ha KOTOPOM TaK>Ke C03Aaer nepeMeHHOe Ha

npR>K0Hlll9, ct>aaa KOToporo COBnBAaeT c ct>aaoA BXOAHOro ClllrHana. 3ro 3HaYlllT, YTO yee-

11111'40Hlll0 aMnllMTYAbl BXOAHOrO CMrHana npMBOAlllT K yee11111YeHl.1IO nQA0Hl.1R HanpR>K0HlllR 

HB pe31.1CTOpe R3, PofTO, a CEIOIO 0'48P9Ab, CMSll.\89T pac>oYylO T0'4KY 118Mnbl B 0611aCTb 

orp1.11.\&re11tlfol1p1x 3H&"teH111'11 a :.3TO paaH031iaYHO Yl\40tt1"weH1.110 1<03¢>~1111,\1.1eHTa yc111neH1.1R 

11aMnbl. Bti1XOAl/IT, 'fTO nepeMeHHElR cocraE1JlR10ll.\8R HanpR)l(0HMR Ha pea111crope R3 npe

nRrorayer yee11w.ie1111110 8HOAHOrO TOQ np1.1 YB8111.1YiHl.11.1 aMnll!llTYAbl a><OAHOro CMrHana. 

HQAO CK838Tb, '4TO RBJ10Hllle 3TO He ecerAQ epeAHOe. 0'40Hb YaCTO OTPllll.\BT011bHYIO 

Q6paTHYIO CBR3b no TOKY one1.4111~un~HO COaMIOT B llll.1P01(0r10'10CHlalX YCl.1Jl"1T011RX, no

CKOllbKY OAHOBpeMeHHO c YM0HbW8HllleM K03¢l<l>1.1~111eHT8 YCl.1110Hl.1A naMnl;il CYll.\0CTB0H

HO y11yYW810TOA APYr1.1e KaY&OTB0HMWe noKa3aTe11111: yMeHi.walOTCR He11111He'1Hble 111cKa

>1<eH11tlil, Olo!Hll<S8TOFI H8PilBHOMepHQ{,."Tlll Al.fX Ill r. n. 
BoT 111 e HaweM c11yyae peanbHb1'1 K03cl><l>1111.\lll0HT yc1.111eH111R 6e3 y'4eTa ASMCTBlllR 06-

paTHOA CBAil.1 6o11ee r.teM eABOe npe111;11waeT He015XOAllll\llbl~, n03TOl\4Y 1r1cnO/lb30BBHlll0 

s<1>¢leKTa orp1111.&aTeJ1bHOM o6parHo'1 cBRiM ano111-1e on~SAAMliO. 
BnpoltaM, He~TPaJJr.1aOB8Tb A0'1cra111e o()paTH0'1 CBR31r1 0"10Hb npocro. ,DJIR 3TOro AO

CTBTOYHO nOAKlllO'flllTb napa1111en1>HO pe~MCTOPY KOHA9HC8TOP AOCTSTOYHO 60llbW0'1 

QMKOCTlll, l<OTOPl:ilM «SaMKH&n nep&M9HHYIO COCTaB11A101.4yio, ocra1;11.1a 1101r13MeHHblM no

CTORHH08 HanpR>KaH11te. 

"!TO 3H91tl/IT ..... ,QOCTilTOltHO 60llbWOM EIMl(OCTl!t ... »? 3TO onpe/lellf10TCfl CTporo MaTe

MaTr.1'4eCKl.1, Aonyor1r1M, YTO e 1-1aweM cny'iae M&>I xor1.1M C1il131.1Tb en111siH1.1e o6paTHo'1 ceR

a111 AO 10%. B STOM Clly~ae nepeMeHHBfl OOCT8811RIOll.\8R Ha pe3111CTOP9 AOll>!'Ha 6b1Tb 

B 10 pa3 M0HbW0 nOCTORHH0'1 COCT8BJ1RIOll.\0'1. A nocKOllbKY KOHA0HCaTop BK/ll0'10H na-
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pannenbHO pea111cTopy, 3HS"llr1T era conpoT111eneH111e nepeMeHHOMY TOKY TalOKe AOJl)l(HO 

6b1Tb B 10 pa3 M9HbWe, T. e. AflFI Hawero np111Mepa COCTSBJlATb 100 OM. 

Ha KaKo'1 YaCTOTe? PaayMeeTcA, HS caMo'1 Hlll)l(He'1 YacToTe yc11111111eaeMoro cneKTpa. 

B HaweM cnyyse TaKOH "18CTOTOlii AP.nReTCR YaOTOTS 20 n-1. AnR onpe,qeneHl.'IR ee11111Y111Hb1 

eMKOCTlll BOCnOJlb3yeMCR <l>OPMYJlO!ii, c KOTopo'1 Mbl n03HaKOMlllJ11110b e~e B nepeo'1 

KH111re: 

C 160000 160000 160000 80 ,... 
Zcf 100·20 2000 MK'I-', 

rAe Zc - conpoT111BJleH111e nepeMeHHOMY TOKy, OM; f - YaCTOTa, n..i. 
OKpyrnRR AO 6Jllll)l(S£1Wero 60JlbWero CTSHAaPTHOro 3Ha"leHlllR, B03bM0M 100 MK<I> 

Ha pa6o"lee HsnpR)l(eH111e B eAlllHllll..lbl BOJlbT. Pac"leT BeJllll"llllH 0MKOCTe'1 nepeXOAHblX Ill 

p83AeJ1111TeJlbHblX KOHA0HCSTOPOB Ha BXOAe Ill BblXOAe K8CK8AS He RBJ1A0TCR one1..11A .. 

<1>111YeCKlllM AflR naMnOBblX cxeM: OH OAlllHaKoe 111 AflR TpaHs111crnpoe, 111 AflR MlllKpocxeM, 

Ill eoo6~e AflA m06blX RC-A0J1111Te11elii, nOBTOMy cerOAHR Mbl Ha STOM OCTaHaBJl1118at1DCfl 

He 6yAeM. 

Hy BOT, nO)l(anylii, Ill ece, "ITO Ha ASHHOM STane ClleAyeT 3HaTb 06 311eKTPOBaKYYMHblX 

11p1116opax. 6 A8nbH0'1WeM, no Mepe «06paCT8HlllR» 6onee rny60KlllMlll 3HaHlllAMlll 1 f'4bl, 

B03M0)1(H0, e~e 6y,neM B03BPaU.W.TbCA K I/IX 1113y"leHllllO. A noKa "ITO H8"1111H8A co C110AY

IO~ero 3aHRTlllR Mbl nepeKJll0"1"1MCA Ha 1113Y"leH111e He MeHee 06w111pH0'1 Ill lllHTepecHoUI 

TeMbl - ycTpoliiCTPY Ill np111H1..1111ny pa60Tbl nonynpOBOAHlllKOBblX np1116opoe. 

YpoK 2. BMllbl PALIMOTEXHMlfECKMX CXEM 
CeroAHAWHM'1 ypoK Mbl pewM11M noceRTMTb C03A8HMIO npMHL1MnManbH0'1 cxeMbl 11po-

CTeliiwero oynepreTepOA111HHOro np111eMH111Ka. 

A "ITQ, KPoMe np111H4111n111aJJ~11o"l, 61?1eaioT e!l4e 111 Henp111H1..1111n111anbH1:>1e cxe1V11>1? 
3AeCb HSM 011ATb np111A8TCA HeHSAOJJro OTBJle"lbCA Ill «3aKpblTb» 3TOT eonpac. 

Aeno e TOM, "ITO eoe, "ITO ceRsaHo c mo6o'1 TexHMKO!ii - ee paspa6oTK0'1, npoeKT111· 

poeaH111eM, 111sroToe11eH111eM, aKcnnyaTa1..1111e'1 11111111 peMOHTOM,- ecerAa 06sisttTel11otHO 

Ha"l111HaeTCR o TexH11liecico'1 AOKyMeHTa1..1111111. B sae111cMMOCT111 OT nocTse1u~HHOlii a.&8111'1 
Ill npeACTOR~ero 06beMa pa6oT B TOM 11111111 lllHOM CJ1Y"!80 np111MeHAIOTCR pa3Hble 8111,Qlol 

TexH11YecK0'1 AOKYM~liT84Mlll· K np111Mepy, 11io6aR paspa6oTKa Hoeoro 111~e11111si li8"11.1Ha

eTcA c KOMnJ10KTS np00KTHOlii AOKYM0HT8l..1111111, KOT0pb1'1 MO)l(eT BKJ1IO"l8Tb B ce6R T9Xl•tlll• 

YecKoe SSAaH111e, TeXHlllKO-litKOl"fOMlll"19CKOe 06ocHoeaH111e 111 e~e A&CRTKlll APvr11x AQICY
MeHToe. 

np111 c6opKe PSAlllOannaparypbl HS KOHBe'1epe P8Alll038BOA8 0AlllHCTBeHHblM TeXHlll

"leCKlllM AOKYflrtQHTOM AflR MOl"fT8)KlilllK$ RBJJAeTCA cne1..1111aJlbH8R MOHTa)l(H8R K8PTa, HS KO• 

TOPOH OTP8)1(8Hbl noomtAOBaTelll:iHOOTI? Ill COA0P)l(SHllle onepa1..11111ii, KPTOp1;11e 3TOT MOH• 

T8)KHlllK o6A38H Bl;iln011Hl1Tb. 

A AflA pery11111poe~1o1Ks co(ip$Hl'fOro np111eMHlllKS 11111111 Tem~e111aops pa60"1111M111 AOKY· 

MeHTSMlll ABJlAIOTCA KapTa pe)l(lllMOB, KapTa conpOTlllBJ10H111'1 Ill (11111111) "IBOTOTbl l'IBCTPOliiKlll 

Tex 11111"1 lllHblX pe30HBHCHblX KOHrypoe. 

Pa60TH111Ky pSA111opeMOHTH0'1 MScTepcKo'1 AflA npo111seoACTea KaYecTeeHHoro pe

MOHTa pa3HblX annaparoi:t coaepweHHO Heo6xOAlllMbl KaK MlllHlllMYM nplllHl..llllnlllaJlbMbl& 
cxeMbl Ka)l(,lloro 1113 HI/IX. 

nosTOMY cy~eCTeyeT AOBOllbHO 60JlbWOe "llllCJlO pS3HblX BMAOB TeXHlll"leCKOlii AOKY

M9HT81..1111111, cpeAlll KOTOpblX Ba)l(HOe MeCTO saHlllMSIOT pa3J1111"1Hble cxeMbl. 



B pa,q1110TexH111Ke Ha1116011bwee pacnpocTpaHeH111e no11yY11111111 HeCK011bKO cxeM, c KO· 

TOPblMlll AOB011bHO YaCTO npHAeTCfl CTanKl/IBaTbCfl B TeXHlllYeCKOH 111/!Tepa-rype Ill ceoeiii 

npalCll1YeCKOiii AeflTe11bHOCTlll, n03TOMy nooHaKOMlllTbCfl c HlllMlll coeepweHHO Heo6XOAlllMO. 

Cl>yHKL\HOH8nbH8R cxeMa (11111111 lllHaYe - 6110K-CXeMa). 3TO no Cyll_\eCTBy AOCTaTOY

HO npOlll38011bHblH no ct>opMe 111cno11HeHlllfl YepTe:>K, 3aAaYeiii KOToporo flB11fleTCfl OTpa

:>KeH111e cl>YHKUlllH (11111111 lllHaYe - Ha3HaYeHlllfl) KruKAOro 1113 AlllCKpeTHblX yYaCTKOB np1116opa 

11111111 annapaTa (6110KOB, KaCKaAOB, MOAy11eiii 111 T. n.), a TaK:>Ke nYTeiii npoxo>KAeHlllfl Tex 

11111111 lllHblX 311eKTplllYeCKlllX ClllrHanOB. 

Ha cl>YHKUlllOHa11bHOH cxeMe Ka)l(AblH OTAe11bHblH 311eMeHT OT06pQ)l(aeT cxeMH0·3a

KOHYeHHbliii yyacTOK np1116opa 11111111 annapaTa, Bbln011Hfll0ll.\lllH OAHY KOHKpeTHylO cl>YHK· 

u111io (Hanp111Mep, AeTeKTOP pa,q111oc111rHana, ceTeeoiii eblnpsiM111Te11b, ct>11111bTP cocpeAo

TOYeHHoiii ce11eKu111111, yc11111111Tel1b npoMe)l(}'TOYHOH YaCTOTbl}, np111 3TOM 3TOT 311eMeHT He 

pacKpbleaeT BHYTPeHHero ycTpoiiiCTea 111 cxeMHoro cocTaea ABHHoro yYaCTKa np1116opa. 

TaKOH s11eMeHT no :>Ke11aHllllO COCTaB111Tel1S1 cxeMbl MO:>KeT 111306pQ)l(aTbCSI KaKoiii-1111160 

reoMeTp111YecKoiii ct>111rypoiii: KPY:>KKOM, KBQAPaTOM, npsiMoyro11bHlllKOM, Tpeyro11bHlllKOM, 

poM6oM. l<aK npae111110 (xon1 111 He o6si3aTe11bHO}, e npeAenax OAHOiii cxeMbl ace cl>YHK

u1110HanbHble y311b1 1113o6pQ)l(aiorcs:i oA111HaKoeb1M111 ct>111rypaM111. 

BHYTPlll KruKAOro KPY:>KKa 11111111 Kea,qparnKa (lllHOrAa noA HlllM 11111111 HaA HlllM) npocTae-

11fllOTCR nopflAKOBble HOMepa 6110KOB. B 3TOM cnyYae Ha 3TOM :>Ke YepTe:>Ke 11111111 B np11111a

raeMOM K HeMy TeKcTe nplllBOAlllTCfl pacw111ct>poeKa 3TlllX u111ct>p. nOflCHfllOll_\ast Ha3HaYe

Hllle AaHHOro 6110Ka. 

BnpoYeM, e 11111TepaTYpe, npeAHB3H8YeHHOiii Allfl cneu111an111CTOB, BHYTPlll reoMeTPlll· 

YeCKlllX ct>111ryp BMeCTO u111ct>p HepeAKO npoCTaB11fllOTCfl 06ll.\enpl/IHSITb18 Ill xopowo 1113· 

eecTHble a66pee111aTYpbl, OTPQ)l(BIOll.\llle Ha3H8YeH111e AaHHOro cl>YHKUlllOHanbHOro y311a. 

Hanp111Mep, YBl.f - yc11111111Te11b BblCOKoiii YaCTOTbl, Ynl.f - yc11111111Te11b npoMe:>KYTOYHOiii 

YaCTOTbl, YB 111 Y3 - yc11111111Te11111 eocnpo111aeeAeH111S1 111 aan111c111 MarHlllToct>oHa cooTeeT

CTBeHHO, <!>CC - cl>11111bTP cocpeAOTOY0HHOH ce11eKUllllll Ill T. n. 

l.fall.\e ecero (HO He o6si3aTe11bHO) cl>YHKUlllOHanbHble cxeMbl nlllWYTCSI Ill YlllTalOTCSI 

c11eea Hanpaeo, T. e. ClllrHa11 K Ka>KAOMY cl>YHKUlllOHanbHOMY ya11y nOABOAlllTCSI c11eea, 

~ CHlllMBeTCfl cnpaea, n03TOMy, K np111Mepy, 6110K·CXeMa 06blYHOro ee111aTel1bHOrO 

\np111eMHlllKB HaYlllHaeTCSI B 119BOM eepxHeM yrny 111306pQ)l(eHl/l0M np111eMHOH BHTeHHbl, 

'cTp011KB OT KOTOpoiii HAeT K KBaAPBTlllKY c o603HBYeHl/leM «YBl.f», a OT 3TOro KBa,qpaTlllKB 

APYrasi CTpe11Ka lllAeT K KBa,qpaTlllKY c o603HaYeHl/leM «CMeC.», YTO pacw111<1>poBblBaeTCf1 

KaK CM0ClllTe11b. A OT CMeC111Te11S1 CTJ)011KB lllAeT AanbWe enpaeo K KB0AP8TlllKY c a66pe

BlllBTYP0iii «<!>CC» 111 T. A· HecK011bKO pa3HblX eap111aHTOB cl>YHKUlllOHanbHblX cxeM 6b1Toeoiii 

pa,q111oannapaTYPbl np111eeAeHbl Ha p111c. 20. 
KaKYIO lllHcl>OpMaUllllO HeCeT 6110K-CXeMa, a YTO 1113 Hee noyepnHYTb H011b3Sl? Ei110K· 

cxeMa npe>KAe ecero 111Hct>opM111pyeT o Ha3HaYeH111111 annapaTa, lllHOrAa - o np111Hu111ne 

ero pa60Tbl (3TO MO:>KeT «npoYeCTb» T011bKO cneu111an111CT}, 3BTeM - 06 0THOClllTe11bHOH 

C110)1(H0CTlll (CYAfl no npoCTOMY K011111YeCTBY OTAe11bHblX cl>YHKUlllOHanbHblX Y3110B). 

A BOT YTO KacaeTCSI BHAOB Ill K0111/1YeCTea 0TAe11bHblX PaAl/IOKOMnOHeHTOB (pe3111CTO· 

poe, KOHAeHCaTOpoe, KaTYWeK lllHAYKTlllBHOCTlll Ill T. n.), BXOAflll.\lllX B annapaT, 311eKTplll

YeCKlllX pe:>Kl/IMOB I/IX 111cno11b30BBHlllSI, ee11111Y111Hax HOMlllHanOB AeTaneiii, n111Ta10111111x Ha

nps:i:>KeHlllH Ill COeAlllHeHl/lflX 3TlllX 311eMeHTOB M0>KAY co6oiii, Ha 3Tlll eonpocbl 6110K-CXeMa 

OTBeTlllTb He MO:>KeT. ,D,ns:i OTBeTa Ha 3Tlll eonpOCbl cy111ecTeyeT APYrOiii YepTe:>K - nplllH· 

u111n111a11bHas:i aneKTpH'lecKaR cxeMa. 
B OT11111y111e OT 6110K-cxeMbl Ha np111Hu111n111anbHOiii cxeMe c noMOll.\blO 06ll.\enp111Hs:1Tb1x 

yc11oeHblX o6o3H8YeH111iii 111306pQ)l(eHbl a6co1110THO ace AO OAHoro AlllCKpeTHble pa,q1110-

KOMnoHeHTbl Ill 311eKTplllYeCKllle COeA111HeHlllSI 3TlllX 311eMeHTOB Me>KAY co6oiii, T. e. BMeCTO 

KBaAPBTlllKB c 6yKB8Mlll «<!>CC» Ha nplllHUl/lnlllanbHOH cxeMe 111306pQ)l(eHbl ace BXOAflll.lllle 

B 3TOT ct>11111bTp OTAe11bHble KBTYWKlll lllHAYKTlllBHOCTlll 111 noCTORHHble KOHAeHcaTopbl 111 111x 

¢oeA111HeH111e Me)l(Ay co6oiii (KBK Ha p111c. 10). 
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B B111Ae 111cK11io~eH111si a ~111cno Pa.Ql/IOKOMnoHeHTOB 06b1~Ho BK1110~a10T ~111CT0 MexaH111-

~ecK111e sneKTpOCTaT111~ecK111e 3KpaHbl, ecn111 OHi/i SIBnSllOTCSI H00TbeMneMO"' ~aCTblO cxe

Mbl (Hanp111Mep, 06siaaTenbHb1"' sKpaH Ha KOHTYPHblX KaTYWKaX 111 nonocoeb1x cj>111nbTpax), 

a TaK>Ke nOACTpoe~Hb1e cePAe~H111K111 KaTYWeK lllHAYKTlllBHOCTlll. OH111 111ao6pa>Ka10TCS1 Ha 

np111H1.tlllnlll8nbHO"' cxeMe cne1.tlll8nbHblMlll ycnOBHblMlll o603Ha~eHlllSIMl/I. 
Ha np111H1.t111n111anbHO"' cxeMe no~Tlll ecerAS yKaab1Ba10TCS1 (1.t111<1>paM111) een111~111Hb1 

peanbHblX «pa60~lllX» HanpSl>K0Hlll"' nOCTOSIHHOrO TOK8 AnSI 60nbWlllHCTBa 3n0KTPOAOB 

naMn Ill TpaH3"1CTOPOB, a TaK>Ke (He ecerAS) aMnnlllTYAbl Ill ~acTOTbl paan111~HblX ClllrHanOB 

B pa3HblX TO~Kax I/IX npOXO)l(A0HlllSI. lllHOrAa BM0CTO 3TOro K np111H1.tllln111anbHO"' cxeMe 

np111naraeTcst Ta6n111LtS pa60~111x pe>K111Moe 111 een111~111H none3HblX c111rHanoe. 

8blXOiJ 
~ 
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B pa,Q,111ont06111TenbcKoA 111 npocj>ecc1110HanbHOA lllH>KeHepHoA npaKT111Ke np111Hl.(111-
n111anbHaR sneicrp1111.4ecKaR cxeMa siensieTCR Ha1116onee nonHblM 111 111Hcj>opMaT111BHblM AOKY
MeHTOM, 6e3 KOToporo npaicr1111.4ecK111 HeMb1cn111Ma mo6asi pa6oTa c pa,Q,111oannaparypoA. 
BnpeAb 111 HaM npeACTOlllT nocTORHHO 111MeTb Aeno c pa3n111'4HblM111 np111HL1111n111anbHb1M111 
CXeMaMlll. 

Ansi ycnewHoro nonb30BaH111R np111HL1111n111anbHOA cxeMoA coeepweHHO Heo6xOAlllMO 
TBePAO 3HaTb Ill noMHlllTb ycnOBHble 0603Ha!.4eHlllR ecex pa,Q,lllOKOMnOHeHTOB, KOTOPble 
MOryT 6b1Tb 111306pa>KeHbl Ha cxeMe. 3T111 0603Ha'4eHlllR Y>Ke nplllBOAlllnlllCb B nepeoA KHlll
re (p111c. 21, 23, 27). EiyAeT 0'4eHb none3HO co epeMeHeM eb1Y1.4111Tb ece MX Ha1113yCTb, KaK 
ancj>aBlllT Ill Ta6nllll!Y YMHO>K0HlllR. T111n111'4Hb1UI o6pa3el.( nplllH~nlllanbHOA cxeMbl np111ee-
A0H Ha p111c. 21. . 

noM111Mo yKa3aHHb1x ABYX BlllAOB cxeM e P8AlllOTexH111Ke w111p0Ko np111MeHR10TCR 111 APY
rne. CpeAlll HlllX CTOlllT ynOMRHYTb Te, c KOTOPblMlll Mbl 6yAeM CTanKlllBaTbCR (111 Y>Ke cran
KlllB8n111Cb B nepeoA KHlllre) B ceoeUI npaKTlll'40CKOUI AeRTenbHOCTlll. 3To sneKTpOMOHTa>K
HaR cxeMa 111 '4epTe>K ne'4aTHOA nnaTbl. 

3neKTpOMOHTa>KHaR cxeMa npeACTaensieT co6oUI '4epTe>K, Ha KOTOPOM n11160 B HaTy
panbHYIO eenlll'4111Hy, n11160 B yKa3aHHOM Ha 1.4epTe>Ke MacwTa6e 111306pa>KeHO peanbHOe 
e3a111MHoe pacnono>KeH111e ecex 111n111 6onbWlllHCTea OCHOBHblX yanoe 111 AeraneUI annapa
Ta, a TaK>Ke ecex C00AlllHlllT0nbHblX npOBOAHlllKOB, Ka6eneUI Ill KPOCCOB c T0'4HblM yKa38-
HllleM a,Q,pecoe ll1X pacnaAKlll. 3TO 3Ha'4111T, '4TO y Hal.4ana Ill KOH~ Ka>KAOro npOBOAHljlKa 
c nOMO~blO Ha6opa 6yKB Ill L!lllcl>P (CMblcn KOTOPblX o6R3aTenbHO pacw111cj>pOBblBaeTCR 
Ha caMoA cxeMe) yKa3blBaeTCR T0'4HOe MeCTO lllX nplllC00AlllHeHlllR (nOAnaAKlll) K TOMy 
111n111 lllHOMY BblBOAY Toro 111n111 111Horo P8AlllOsneMeHTa (AeTan111, 6noKa, ne'4aTHoA nnaTbl). 

06pa3el.( Tllln111'4HOUI sneKTpOMOHTa>KHOA cxeMbl np111eeAeH Ha p111c. 22, a Ha p111c. 23 
noKaaaH '4epTe>K nel.4aTHOA nnaTbl 111 pacnono>KeH111e Ha HeA pa,Q,111osneMeHToe. 

BOT Tenepb Mbl nonHOCTblO BOOPY>KeHbl Ill roTOBbl K COCTaeneHllllO (AnR Ha'4ana) Halll-
6onee npoCTOUI <l>YHKL!lllOHanbHOA cxeMbl npOCTOro cynepreTepOAlllHHOro np111eMHlllKa. 
HacTosiTenbHO peKoMeHAYIO no XOAY 3TOUI 6eceAbl caMOMY noCTpo111Tb Ha n111cTe 6yMar111 
6noK-CXeMy, 111306pa>KaR Ha HeA no Mepe npOABlll>KeHlllR enep0A COOTBeTCTBYIO~llle yc
nOBHble o603Ha'4eHlllR. B KOHL(e KOHL!OB, He06XOAlllMO HaY1.4lllTbCR AenaTb 3TO caMOCTOR
TenbHO. A KOrAa pa6oTa 6yAeT 3aKOH'4eHa, cpaBHlllTb nonY1.4eHHblA pe3ynbTaT c p111c. 24 
Ill CAenaTb COOTBeTCTBYIO~llle BblBQAbl. 

C '4ero Hal.4111HaeTcsi coCTaeneH111e 6noK-cxeMbl nio6oro P8AlllOnp111eMH111Ka? Q1.4ee111A
HO, c Toro >Ke, c l.4ero Hal.4111HaeTCR Ill caM np111eMHlllK. Ac "lero Ha'4111HaeTCR nio6oA np111eM
HlllK? 3To Mbl 3HaeM: OH ecerAa Hal.4111HaeTCR c np111eMHOUI aHTeHHbl. nosTOMY B neBOM 
eepHeM yrny n111CTa 6yMarlll Hap111cyeM ycnOBHOe o603Ha'4eHllle aHTeHHbl. 

KyAa e np111eMH111Ke nocTynaeT c111rHan, np111HRTblUI aHTeHHoUI? OH nocTynaeT Ha exoA
HOUI 11136111paTenbHblA KOHTyp. CneAyeT CKa3aTb, '4TO Te 111n111 lllHble <l>YHKL!lllOHanbHble yanbl 
e npeAenax OAHOUI cxeMbl He o6si3aTenbHO 111306pa>KaTb OAlllHaKOBblMlll reoMeTpvNeCKlll
Mlll <1>111rypaM111. Eionee Toro, ropa3AO '4a~e 111MeeT MeCTo o6paTHoe. Hanp111Mep, ece aK
TlllBHble sneMeHTbl (naMnbl, TpaH3111CTOpb1) Ha cxeMe 111306pa>KalOT, CKa>KeM, Kpy>KOl.4-
KaMlll, a ece pe30HaHCHble ClllCTeMbl (OAlllH0'4Hble KOHTypbl, nonOCOBble <1>111nbTpb1) -
APYrMMlll 3Hal.4KaMlll, Hanp111Mep KB8ApaT111KaM111 111n111 npsiMoyronbH111KaM111. 

no Y>Ke yCTaHOBlllBWeUICR TP8Alll~lll AnR HeKOTOpblX <l>YHKL!lllOHanbHblX yanoe (MlllKpo
cxeM, onepal.(1110HHblX yc111n111TeneA, nor111'4eCKlllX sneMeHTOB 111 AP·> 3aKpen111n111cb enonHe 
onpeAeneHHble, o6~enplllHRTble 0603Hal.4eHlllR, HO Mbl noKa 3TOro KacaTbCR He 6yAeM. 

Ha HaweUI nepeoUI 6noK-cxeMe AOroeop111MCR aKTlllBHble <l>YHKL!lllOHanbHble y3nb1 
(yc111n111Ten111, reHepaTOpbl, a 3aOAHO 111 AeTeKTOpb1) 111306pa>KaTb, AOnyCTlllM, Kpy>KOl.4Ka
Mlll, a pe3oHaHCHble c111CTeMbl - npsiMoyronbHlllKaMlll. B STOM cnY1.4ae OT 3Ha'4Ka, 111306-
pa>Kaio~ero np111eMHYIO aHTeHHy, Mbl AOn>KHbl npoeeCTlll npRMYIO nlllHllllO co CTpenKOUI Ha 
KOHL(e, yn111paio~eU!csi B KB8APaTlllK, KOTOpblUI y Hae 6yAeT o603Ha'4aTb BXQAHOUI KOHTyp. 
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AnR TOro, 1ff06bl 6bln0 RCH01 LITO STO JllM0HHO peSOHBHCtlt;ii-\ KOHTyp; M0)1(0M BHYTPlll 
KB8APBTlllKB nOMBCTlllTb 111306pIDK0Hlll0 KOHTypa. npae111naMlll 3TO He 3anpel!Ul0TCR. 

newn1r1 AMbWe. KyAa AOmKeH nocryn111Tb c111rHan co BXOAHOro KOHrypa e npocTeA
weM cynepreTepOAlllHe, He 111Meiow,eM OTAenbHoro KaCKaAa YBl.f? OH AOmKeH nocry
n111Tb Ha BXO,D, HeKoero Hen111Hei-lHoro sneMeHTa, Ha KOTOPOM OH 6yAeT CM0WlllBBTbCR 
c c111rHatioM OT MeCTHoro reTepQA111Ha. B 99% cnY1.4aee ponb TaKoro Hen111Hei-\Horo sne
MeHTB e PBAlllOannaparype 111rpa10T PBAlllOnaMnbl, TpaH3111CTOPbl 111n111 MlllKpocxeMbl, 
T. e. aKTlllBHbl0 sneMeHTbl, KOTOpble Mbl AOroeop111n111Cb o603HaLlaTb KPY*OLIKaMlll. 3Ha
LllllT, OT KB8AP8TlllK8, 06oaHaL1a10w,ero BXOAHOI-\ KOHTyp, AOn)l(Ha 111,0,Tlll npRMaR nlllHlllR co 
CTpenKoA K KPY*OLIKY, ClllMBon111a111pyiow,eMy np1116op, B KOTOPOM npOlllCXOAlllT CMeweH111e 
AByx c111rHanoe, nosToMy eHyrp111KPY*OL!Ka111n111 HBA HlllM Mbl noMeCT111M 6yKBbl •CMec ... , 
LIT06bl eceM 6blnO RCHO; KaKylO <l>YHKl,4111IO Bl:ilnOnHReT 3TOT <l>YHKl,4fllOHMbHbli-l yaen. 

Ho B0Ab K CM0Cf11Tenl0 OAHOBpeMeHHO c «BXOAHblM» CfllrHMOM AOn)l(eH nocrynaTb 
ew,e M c111rHan OT MecrHoro ecnoMorarenbHoro reHeparopa :..... rerepoA111Ha. 3ToT reTe
POAlllH o6RaaTenbHO COA0P)l(lllT KaK MlllHlllMYM OAlllH aKTlllBHl:ili-l sneMeHT 111 ceoi-\ co6-
CTBBHHb1A pe30H8HCHbli-l KOHTyp. 3H8LllllT, noA KPY*OLIKOM, 111so6pa>KBIOW,lllM CM0ClllT0nb, 
Mbl AOmKHbl Ha H0KOTOPOM pacCTORHllllll 111306p83111Tb eropoi-\ KPY*OLl0K, o603HBLllllB ero 
6yKeaM111 «reTep ... , a OT sToro eToporo KPY*OLIKa npoeecT111 e cTopoHy nepeoro Kpy>1<0L1-
Ka eepTlllKBJlbHYIO npRMYIO nlllHllllO co CTpenKoi-l B CTOPOHY CMecmenR. 0AHOBpeMeHHO 
cneea OT BToporo KPY*OLIKa HaM np111AeTCR Hap111coeaTb ~w,e OAlllH KBBAPaT19K, 06osHa
L1aiow,111A pe3€JH8HCHbli-l KOHTyp reTePOAlllHa, C00AlllHlllB ero ropt11SOHTanbHblM OTP03KOM 
npRMoi-l c KPY*OLIKOM .. reTep .... 

B KBKYIO cropoHy AOmKHa 6b1Tb HanpaeneHa cTpenKa Ha sroM oTpeaKe? Mbl 06 3TOM 
coeceM HBA8BAo reeoprrm111. CrpenKa yKaableaeT HanpaeneH111e npoxo)l(,D,eH111R sneKTp111-
L1ecKoro ClllrHana. Ho B8Ab BblCOKOLlaCTOTHbli-l ClllrHan B reTePOAlllHe He M0)1(0T B03HlllK
HyTb Ha KOHrype 6ea naMnb1 (111n111 TpaHa111cTopa), paeHo KaK Ha naMne 111n111 TpaHa111cTope 
6ea KOHrypa. Oroeop111McR cpaay, LITO e HeK0Top1:11x cxeMax necneAHllli-l eap111aHT ece *e 
eoaMo*eH. Ho a HaweM cnY1.4ae aKT111BHb1i-l sneMeHT teTepOAlllHa 111 exQ-ARw,1111-\ e cxellliy 
peaoHaHcHi:;11-\ KOHTYP eaa111MoceRaaHb1, nosToMy cTpenK111 Ha STOM oTpeaKe npRMoi-l 
AOmKHl:il 6b1TIS e 06e111x CTOPOH. 

nown111 ABJlbWe. Ha BblXOAe CM0CfllTenR np111cyrCTBYIOT KaK MlllHlllMYM Ll0Tblpe pa3Hb1X 
CMrHana; 1113 KOTOpblX f.laM HY*0H TOnbKO OAlllH: pa3HOCTHbli-l ClllrHan npoMe)l(YfOLIHOI-\ Ll8-
CT0Tbl. 'iT06bl ero BblA0nlllTb, He06XOAlllM ew,e OAlllH peaoHaHCHbli-l Kc:>Hryp, B KBLleCTBe 
KOTOporo, K8K Mbl y)l(e 3HaeM, BblrOAHO fllCnOnb30BBTb nonocoeoi-\ <1>111nbTp 111n111 <l>CC. 
3HBLllllT, ABJlbWe enpaeo OT CM0ClllTenR HBAO noMeCTlllTb KBBApaTlllK c 06oaHaL1eH111eM 
«1-1-\ ci>nl.f ... noLleMy 111MeHHO nepeb1A? noToMy LITO, KaK npae111no, e cynepreTePOAlllHe 
np111cyrCTBYIOT MlllHlllMYM ABa OAlllHBKOBblX (a MO>KeT 6b1Tb, Ill H00AlllH8KOBblX) <1>111nbTpa 
npOM0)1(YfOLIHOi-l Ll8Ctt>tbl. Ill, paayMeeTCR, HBAO C00AlllHlllTb CMeClllTenb Ill 1-A C!>nl.f 
CTpenKOA B CTOPOHY nocneAHero. 

c,.,ec. 1-li <Pn4 Ynl./ 2-li <Pnl./ Dem. 1-li !JHI./ 2-li ':Jffl./ 

P111c. 24. 6noK-cxeMa npocTOro cyneprerepOAlllHHoro np111eMH"1Ka 
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Bb1Aen0HHbliol cp111msTpOM ClllrHan n'-1 coeepweHHO He06XOAlllMO yc111n111Tb, AllR qero 
rpe6yercsi KaCKaA Yn'-1, coAeP~ll.llllA aKTlllBHbli-l sneMeHT 111 ceoj.:i (eropoi.l) <S>n'-1, Rans:.~ 
IOIJ..llllHCR Harpy3KOi-l sroro icacKa,qa. Ocranocb caMocroRrenbHO AOPlllCOBSTb ABB He,QO
CTalOl.l.llllX 3B0Ha Ha Haweiol cpyHKl,41/lOHMbHOA cxeMe. 

A AMbWe 01.l.10 npOIJ..le. Yc111neHHble.l ClllrHan Hy>KHO npoAeT0killlpOBBtb, non}"leHlilile 
nocne AereKTopa ABe 1113s0cTHble cocraenRIOll.11119 pa3Ae.11MTb, OAHY 1113 Hlllx 111cno.nb30~ 
earb e cxeMe aeroMaTlll'·1ecKoA peryn111poeK111 yc111neH111R (APY), a APYrylO nocne npeA88-
p111r~nbHOro yc111neH111R n0Aeecr111 K rpOMKoroeop111temo. 

A renepb B03bM9M H8W p111cyHOK Ill cpaBHlllM ero c p111c. 24. Ecnlll OHi/i nbnHOCTblO 
COBnSAalOT - OTnllllfHO. Ecn111 He COBC9M - T0)1(0 He crpawHo. Ha OWlll6K8X npMHSITO 
YlflllTbcsi. nosroMy aHan1113111pyeM np111lf111Hy B03HlllKWlllX HecooraetcTBMA 111 Aenael'ilt 1113 
sroro npae111nbHble BblBOAbl. 

npaKTHKa 

CerOAHR nocne nepepb1ea Mbl cHoea eo3epa1J..1aeMcR K «lf111cro P8AlllOn106111renb
CKlllM» npaKTllllf9CKlllM 3aHRTlllRM, Ill 3TOMy 9CTb CBOlll eeCKl/19 npllllfl/IHbl. Ha nepBblX nRTlll 
38HRTlllRX Mbl AOCTaTOlfHO noAp06HO 1113Ylflllnlll np111H1.4111n pa60Tbl sneKTpoeaKyyMHblX 
np1116opoe, BKnlOlf8R rpynny raK Ha3b1eaeMblX np111eMHo-yc111n111renbHb1x naMn, no3HaKo
M111n111cb c noHRTllleM naMnoeoro K8CKaA8 111 Aa)l(e nonpo6oean111 caMOCTORrenbHO pac
ClflllTaTb OAlllH 1113 TaKl/IX K8CK8AOB. 

'-IT06bl ace 3Tlll 3HaHl/ISI He OCTMlllCb B AMbHei-lweM CMYTHblMlll eocnOMl/IHaHl/IRMlll, 
1.4enecoo6paaHo 3aKpen111Tb 111x nyreM npaKTllllf9CKoro np111MeHeH111R. ,lJ,nR sroro Mbl no
npo6yeM CBOlllMlll PYK8MH CMacreplllTb OlfeHb npocroi.l yc111n111renb Hl/13KOH lfaCTOTbl K H8-
weMy A9T9KTOPHOMY np111eMHlllKY, KdTOpblA n03BOnlllT He TOnbKO npeepaTlllTb ero 1113 ene 
cnb1w111Moro B rpoMKoroeopRIJ..llllH, HO 111 111cnonb30BaTb yc111n111renb AllR eocnpo1113eeAe
HlllR rpaMnnacr111HoK 111n111 MarH111rocpoHHl:i1x 3an111cei.l or nneepa. 

Mo>Ker noKa3aTbCR HecoepeMeHHOi-l lllAeR C03AaHlllR JiaMnoeoro YH'-1 c eecbMa no
cpeACTBeHHb1M111 noica3arenRM111, KOrAa cy1J..1ecreyer MHO)l(ecreo cxeM HecnO)l(HblX rpaH-
3111cropHblX yc111n111renei.l ropa3AO nylfwero Kalfecrea. 

0AHaKO Mbl B Haweiol KH111re TBePAO nplllAep)l(lllBBeMCR OCHOBHol-o npae111na: 

Jf1ofiast 6'btn0Jt1tste.Mtlst pq(J(Jma aoJt:JtClta 6&tm'b OCM'btCJten
ltOU, m. e. neofJxoauM.o ne citeno 1eonupoeam& 'npea1tazaeM&te 
cxeM&t UJtU 1eoncmpy1eijuu, a steno u 11,em1eo npeacmaeJtstm& 
cefie npunijun ux pafiom&t u cy~nocm& Bcex npoucxoasi~ux 
8 cxeM.e npoijeccoe. 
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YTO KBCaeTCfl Tp8H3111CTOPOB, TO Mbl TO/lbKO co C110AYIOLI..\0ro 38Hf1Tlllfl H8"1H0M 3Ha

KOMCTBO c HlllMlll, np111"leM 3H8KOMCTBO 3TO 6yAeT, no>Kanyc;, 6011ee CllO>KHblM Ill AOllrlllM, 

"ISM c PSA111011aMnaM111, nosTOMY 111 KOHCTpyKu,111111 c 111cno11b30BaH111eM TpaHa111cTopoB 

y Hae eLI..\e BnepeAlll. A npocTeHbK111c; 11aMnOBb1c; yc11111111Te11b HaM Y>Ke ceroAHfl no nne"ly. 

6011ee Toro, no 38MblC11Y OH A011>K0H 6yA0T opraHlll"l0CKlll BnlllC8TbCfl B OKOH"laTellbHblc; 

B8Plll8HT «Hawero» np111eMHlllKB npflMOro yClll/10Hlllfl no cxeMe 2-V-2, B KOTOPOM ABS K8C

K8A8 YBY 6YAYr Bb1no11HeHbl Ha TpaHa111cTopax, A0T0KTOP - Ha no11ynpoBOAHlllKOBOM 

AlllOAe, a AByxKaCK8AHb1c; YHY - Ha OAHoc; CABOeHHoc; PSAiiio11aMne. 

8bl6op 11aMn onpeAenfleTcfl TpeMfl coo6pa>KeH111flM111: 

1) MlllHlllMYM 6811/lOHOB; 

2) YAOB11eTBop111Te11bHb1e xapaKTep111cT111K111 yc11111111Te11fl; 

3) B03MO>KHOCTb np11106peTeHlllfl. 

BceM 3TlllM Tpe60B8HlllflM H811111Y"IWlllM o6pa30M COOTB0TCTBY0T KOM6111HlllPOB8HH8fl 

«nanb"llllKOBafl» 11aMna - TplllOA-neHTOA 6<l>3n. 3aK1110"ISHHb1e B OAHOM 6an110He Tp1110A 

A/lfl K8CK8A8 np0AB8PlllT011bHOro YClll110Hlllfl Ill MOLI..\Hblc; OKOH0"1Hblc; neHTOA cneU,1118/lbHO 

paapa6aTblB811111Cb lllM0HHO A/lfl TSKOro yClll11111T011fl HY Ill 0"10Hb WlllPOKO nplllM0Hfl11111Cb 

BO MHOrlllX OT0"10CTB0HHblX 118MnOBblX T0110Blll30pax, P8AlllOnp111eMHlllKax, MarHlllTOcf>OHax. 

nocneAHee 06cTOflTe11bcTBO pewaeT npo611eMy np11106peTeH111fl KaK caMoc; 11aMnb1, 

TaK 111 BblXOAHOro TpaHccf>opMaTopa noA Hee, nocKOllbKY B 11106oc; PSAlllOpeMOHTHoc; Ma

cTepcKoc; 11111111 Ha P8AlllOpb1HKe STiii ASTa11111 111Me10TCfl 111 no cec; ASHb. 

no11Hafl np111Hu,111n111anbH8fl cxeMa yc111n111Te11fl c yKa3aH111eM HOM111HanoB Bcex ASTanec; 

Ill pa60"llllMlll pe>KlllMSMlll Ha 3110KTPOASX 11aMnb1 np111BeAeHa Ha p111c. 25, a Ha p111c. 26 

noKaaaH p111cyHOK ne"laTHoc; n11aTb1 111 pacno11o>KeH111e Ha srnc; nnaTe Bcex BXOAflLI..\lllX 

B YClll11111Tellb A0T8110~. 
He noAAaBac;Tecb co611aaHy no11HOCTb10 KOn111poBaTb npeAJ10>KeHHb1c; Bap111aHT. Y Hae 

COBCeM APYrafl 38AS"la: Hay"llllTbCfl AenaTb nOA06Hb1e BSLI..\111 caMOCTOflTenbHO. nosTOMY 

He cnewa BHlllMaTellbHO 3H8KOMlllMCfl c np111Hu,111n111anbHoc; cxeMoc;, ocBe>KaeM B naMflTlll 

H83H8"10Hlll0 KroK,lJ,Oc; BXOAflLI..\0c; B cxeMy AeTanlll. 
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nocne 3TOrO o6R3aTenbHO npo6yeM COCTaBITTb p111cyHOK ne'4aTHO£t nnaTbl CaMOCTOR
TenbHO. A ell,\e nY1.4we - HeCKOnbKO paaHblX eap111aHTOB 111 ebl6epaeM Ha111nY1.4w111£t. 

ltlcxoAHblM, no>1<any£t, cneAyeT c'4111TaTb paaMep nnaTbl no w111p111He. B A8HHOM cny1.4ae 
Bb16paHa w111p111Ha 70 MM, '4T06bl nnaTa noMeCT111nacb Ha wacc111 Hawero MaKera, rAe Y>Ke 
pacnono>KeHa nnaTa AeTeKTopHoro np111eMH111Ka. 

Ecn111 >Kee HaweM MaKeTe wacc111111MeeT APYrllle paaMepbl, TO HY>KHO Bb16paTb cooT
eeTCTBYIOll.\111£t paaMep 111 AnR nnaTbl YHY. 

,lJ,n111Hy nnaTbl aapaHee He orpaH111!.4111eaeM: oHa onpeAenlllTCR caMa no Mepe paaMe
ll,\eH111R Ha Heill AeTaneill. 06pall,\aeM BHlllMaHllle np111 3TOM, '4TO rpOMKOroeop111Tensi Ill pe
rynRTOpa rpOMKOCTlll Ha nnaTe HeT: Ha nplllHLW!nlllanbHO£t cxeMe 3Tlll ABe AeTanlll noKa-
3aHbl nyHKTlllPOM. 

3TO 06bRCHReTCR TeM, '4TO perynRTOP rpOMKOCTlll 6yAeT ycTaHOBneH Ha wacc111 ca
MOCTORTenbHO, BHe nnaTbl, a rpOMKOroeop111Tenb B006ll,\e 6yAeT CKOpee ecero B OT
AenbHOM <l>YTnRpe. 

0 

YH4 

Tp. Ob/x. 

P111c. 26. P111cyHOK ne"laTHOi;\ nnaTbl yc111n111Tem1 
111 pacnono>KeH111si Ha nnaTe AeTanei;'i 

CoeA1111-1eH111e 3TlllX AeTaneill c nnaTO£t ocyll,\ecTensieTcR ABO£tHblMlll upoeoAaM"1, ATIR 
1.4ero Ha nnaTe npeAyCMOTpeHbl OTBepCTlllR-«nRTal.4K"1». VI ecn111 ATIA nOAKnl0'4eHlllR rpoM
KOroeop111Tensi AfllllHa COeA"1Hl/ITenbHblX npOBOAOB 6onbworo 3Ha'4eHlllA He +1MeeT "1 MO
.>KeT COCTaBnATb 1-2 M, TO Me)l(Ay perynATOPOM rpOMKOCT"1 Ill COOTBeTCTBYIOll.\lllMlll OT
eepCTlllRMlll Ha nnaTe npOBOAa AOn>KHbl 6b1Tb npeAenbHO KOPOTKlllMlll, He 6onee He
CKOnbK"1X caHTlllMeTpOB, a np111 He06XOAlllMOCTlll AenaTb "1X 6onbwe noTpe6yeTCR np"1Me
HRTb TaK Ha3blBaeMblii1 3KpaH111poeaHHblii1 npOBOA 111n111 0Tpe30K KOaKC"18nbHOro Ka6em:1. 
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3TO HY>KHO AJlR Toro, "IT06bl 11136e)l(STb «napa31/1THlllX» HSBOAOK HS BXOA yc111n111Tem1, 
KOTOPble Ha cnyx 6YAYT eocnplllHlllMSTbCR B B111Ae nocTOPOHHero Hlll3KO"ISCTOTHOro ct>oHa 
(ryAeH'<fR). 

c STOA )l(e l.lenblO (AJlR CHl/l>KeHlllR ct>oHa OT HlllTlll HSKana naMnbl) nl/IT8Hl/le HaKana 
OCYU4eCTBnReTCR OT He38BlllClllMOA He3a3eMneHHOA weCTlllBOnbTOBOi.l o6MOTKlll Hawero 
6noKa nlltTBHlllR, a OAlllH 1113 BblBOAOB STOA 06MOTKlll {4-R HO>KKB naMnoeoA naHenbKlll) 
C00AlllHeH c KaTOAOM neHTOAS (2-R HO>KKa), Ha KOTOpoA lllMeeTCR nOCTORHHOe HanpR>Ke
Hllle «CMew,eHl/ISI» - nopRAKa +10 B. B AanbHeAweM Mbl 6YABM 111cnonb3oeaTb 3TO no
croRHHoe Hanpsi>KeH111e 111 AJlR n111raH111R aneKTPOAOB ABVX TpaH3111CTopoe e KaCKSASX YBl.f 
Hawero np111eMHlllKa. 

np11106peTeH111e AeTaneA AJlSI yc111n111TenR He COCTSBlllT 6onbWlllX npo6neM. CHiii MOrnl/I 
OCT8TbCA nocne pa36opK~ cTaporo Tenee1113opa 111n111 nP!"eM!-llllKa. 3To e riepeylO 01.1e
P9Ab KacaeTCR naMnoeoA na11enbKlll, BblXOAHaro rpaHP~OPM~rgpa, nepeMeHHoro pe-
3111cropa AJlSI perynRTopa rpOMKOCTlll, rpoMKoroeop111Tensi. B KPBAHe~ t:mYHae 111x MO>KHO 
np11106peCT111 Ha PBAlllOPblHKe 111n111 e PBAlllOpeMOHTHoA MaCTepcKoA. 

3H8"18Hll1e 6onbWlllHCTBa AeTaneA - pe3111CTopoe K KOHAeHcaTopoe - ManOKplllTlll"l
HO Ill AOnyCKaeT OTHOClllTenbHO 60nbWOi.l paa6poc. 

K np111Mepy, een1111.1111Hy pe3111CTopa R1 MO>KHO Bb16paTb n1060A e npeAenax OT 470 KOM 
AO 3 MOM, KOHAeHCaTopoe C1 Ill C3 - OT 0,01 AO 0,5 MKC1>, KOHAeHCaTppa C4 -
OT 10 AO 100 MKC1>. 

CoeceM 111Ha1.1e 06cT0111T Aeno c pa601.1111M111 HanpliJ)l(eH111RM111 KOHAeHcaTopoe. 1.1 ecn111 
AJlSI C1' C2 Ill C6 OHO MO>KeT He npeBblW8Tb 16 8, a AJlSI C5 - 100 8, TO KOHAeHCSTOPbl 
C3 111 C4 AOn>KHbl AOnycKaTb pa601.1ee HanpR>KeH111e He MeHee 250 8. 

Hanpsi>KeH111e lllCTO"IHlllKa n111TaH111R MO>KeT ne>KBTb e np0A0nax 220 .•• 250 8, HO e 3ae111-
ClllMOCT111 OT era eenlll"llllHbl AOn>KeH Bb16111paTbCR HOMl/IHan pe31/1CTOP8 R4. a.1MeHHO no-
3TOMy era o603HS"10Hllle Ha nplllHl.llllnlllanbHOi.l cxeMe nOM0"10HO 3Be3AO"IKOA. noHlllMSTb 
3TO HBAO TSK, "!TO B npOl.lecce peryn111poBKM yc111n1>1TenR era OKOH"l8TenbH8R een1111.1111Ha 
AOn>KHS noA(5111paTbCR DnblTHblM nyreM. 

npaKTlll"leCKlll 3TO SblrnSl,D,lllT TSK: nocne SKnlO"leHlllA yc111n111TenR B pe>Kl!IMe l<OllOCTOrO 
XOAS (np111 OTCYTCTBllllll BXOAHOrO ClllrHana) HY>KHO BOnbTMeTpOM Teoero TeCTepa 1113Me
PlllTb HanpR>KeHMe Ha 3KpSHHOi.l ceTKe neHTOAS (111n111, "!TO TO >Ke caMoe,- Ha nnlOCOBOM 
BblBOAe KOHABHCaTopa C4). OHO AOn>KHO HSXOA'iTbeR B np&Aenax 130 .•• 150 B. OnTlll
ManbHblM CneAyeT C"llllT8Tb T8KOe HanpS1)1(eH111e, np111 KOTOPOM Ha KSTOAe neHTOAS (2-R 
«HO>KK8» naMnbl) 6yAeT 10 B. B STOM eny"!aa see OCTanbHble pe>Kl/IMbl OKa>KyrCR SBTOMa
Tlll"leeKlll s np&Aenax HOPMbl. 

8bl6op Tl/Ina rpOMKOroeop111TenR BOOOU40, roeopR AOBOnbHO crporo, CBR38H e HSMO
TO"IHblMlll ASHHblMlll BblXOAHOrO TpaHcct>opMaTopa, noeKOnbKY Koa<1>ct>1111.lllleHT TpaHecf>op
MSl.lllllll OAH03Ha1.1110 onpeAensier eTeneHb eornacoeaHlllR non11oro conpoT111eneH111si 
rpOMKOroeop111TenR Ill conpOTlllBneHlllR HarpyaKlll BblXOAHOro KaCKaAS yc111n111TenR, OT 1.1ero. 
B eeOIO 01.1epeAb, npSIMO 3ae111e111T npeAenbHSR H0111CKa>KeHHSR BblXOAHaR MOU4HOCTb ye111-
n111TenR. 

Ho B HaweM cny"!ae 3BA8"18 nony"!eHl/IR M8KClllManbHOrO Kn,D, yc111n111TenR He eTSBlllT
eR. HaM HBAO eeo111M111 pyKaMlll «llOL14YllSTb» npoeTeHbKYIO cxeMy naMnoeoro YHl.f, a Bb1-
xoAHY10 MOU4HOCTb nopRAKa 1 BT yc111n111Tenb 06ecne1.1111T npaKT1111.1ecK111 np111 111cnonb30-
eatt111111 11106oro Tlllna rpoMKoroeop111rensi, TeM 6onee "!TO ePRA n111 y Hae 6yAeT 6onbwoA 
Bbl60p. 

CKopee ecero e HaweM pacnopsi)l(eH111111 oKa)l(eTeR 1111160 rpoM1<oroeop111Tenb T111na 
1f,D,-9 (lrJJ.-18), n11160 2r,D,-3 111n111111x 6onee noap,H111e MOA111ct>111KaL1111111. 

Ha 3TOM MO)l(HQ orpaHH"llllTbCR no 1.1acrn peKOMeHASUlllM. Tenepb Mbl y)l(e AOCTSTO"I· 
HO nOAKOBSHbl AnR npoeeAeHlllR l.l0nOi.l cep111111 eaMOCTORTellbHblX 3Kcnep111MeHTOB c YClll· 
n111TeneM. 



TeopHH 

YpoK 1. BBFLIEHME 
B fl0/1Yf1POBOLIHMKOBYIO TEXHMKY 

CeroAHH Mbl Ha•n1HaeM 3HaKOMCTeo c APYroH, caMoH 6onbWOH 111 caMOH coepeMeH

HOlil rpynnoH aKTlllBHblX P8Alll03neMeHTOB - nonynpoeoAHlllKOBblMlll np1116opaM111. K Hei;t 

OTHOCSITCSI KaK OTA0nbHbl0 AlllCKp0THbl0 np1116opbl, Ha3b1Ba0Mb10 TpaH3111CTOpaMlll (111n111 

lllHa'le nonynpoBOAHlllKOBblMlll TplllOAaMlll), TaK Ill "'enblH Knacc np1116opoe Ha3blBa0MblX 

lllHTerpanbHblMlll MlllKpocxeMaMlll. 

111 ecn111 no CBOlllM <l>YHK"'lllSIM, BblnOnHSl0MblM B m06blX P8AlllOT0XHlll'l0CKlllX cxeMax, 

rpaH3111CTOpbl <J>aKTlll'l0CKlll Hlll'l0M He OTnlll'lalOTCSI OT naMnOBblX TPlllOAOB, TO aHanoroe 

MlllKpocxeMaM B naMnOBOH T0XHlllK0 HBT. MmKHO, enpO'l0M, CK83aTb, 'lT0° OTA8n0HHb1Ml.'I 

npeAwecTeeHH111KaM111 MlllKpocxeM 6bin111 nosie111ew111ecsi «Ha aaKaTe» naMnoeoA apb1 KOM

naKrpoHbl, 3aKnlO'laBwllle B OAHOM 6annoHe H0CKOnbKO OTA0nbHblX naMn Ill HeCKOnbKO 

naCClllBHblX 3n0M0HTOB (KaK npae111no, pe3111CTOPOB). 0AHaKo TaKoe cpaBH0Hlll0 He Bbl

A0P)l(ll1Ba~T KPlllTlllKlll np111 KOnlll'l0CTB0HHOH o"'eHKe. 

Ill ecn111 caMbl0 nepebl0 npaKTl!l'l0CKll10 MlllKpOCX0Mbl 111Men111 B ceoeM COCTaee A8CRT

Klll AlllCKpeTHblX TpaH3111CTOPOB Ill CTOnbKO )1(0 pe3111CTOPOB, TO B coepeMeHHblX «06bl'l

Hb1X» MlllKpocxeMax lllX KOnlll'l0CTBO 1113MepsieTCSI COTHSIMlll, a TaK Ha3b1Ba6Mble C514C 
(ceepx6onbWll10 lllHTerpanbHbl0 MlllKPOCX0Mbl) Ill MlllKponpo"'eccopbl COA0P)l(8T A0CRTKlll 

Ill COTHlll TblCR'l Ill A8)1(0 Mlllnn1110HOB AlllCKpeTHblX TpaH3111CTOpoe, pe3111CTOpoe, nonynpq~ 

BOAHlllKOBblX AlllOAOB Ill KOHA0HCaTopoe. 

TaKaR ceepXBblCOKaR CTe'neHb lllHTerpa"'llllll B KOpHe 1113M0Hlllna CMblCn Ill np111H"'111n 

pa3A0n0HlllSI CX0Mbl P8AlllOannapaTa Ha OTA0nbHbl0 <l>YHK"'lllOHanbHble 6nOKlll. 111 ecn111 

e~e ~a np0AbJAYLL\0M aaHRTllllll Mbl c T060H, COCTaBm'ISI <l>YHK"'lllOH8nbHYIO cxeMy cynep;

rerepOAlllHHOro np111eMHlllKa, BblA0nRnlll B H0M TaK111e y3nbl, KaK CM0ClllT0nb, reT0POAlllH, 

Ynl.f, AeTeKTop, APY 111 YHLf, TO cerOAHR ece 3Tlll <l>YHK"'111111, eMecTe easirb1e, ebmonHReT 

OAHa MlllKpocxeMa paaMepoM c OAHY Ta6neTKY )1(0BaTenbHOH pe3111HK111 «Op6111T». 

nosieneHll10 HOBBHWlllX MlllKPOT0XHOnOrl!IH Bb1palL\lllBaHlllR KPlllCTannoe nonynpoeo,a,

HlllKOB, lllX c6opKlll Ill MOHTa>Ka B CTPYKTYP0 MlllKPOCX0Mbl C03Aan111 npeAnOCblnKlll Ill CAe-

11a11111 B03MO)l(Hb1M C03AaHl!l0 ecex coepeMeHHblX CPBACTB Bbl'llllCnlllTBnbHOH TBXHlllKlll, 

a ~e Ha' 111x 6a3e - coepeMeHHblx nopTaTlllBHb1x nepcoHa11bHb1x KOMnblOTepoe 111 Pa.a.ll'!e~ 

annapayYpb1 Ha ""'111<J>poeoH» ocHoee. 
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6e3 BCffKOro npeyeen1r1YeHHff H~HO CKa3aTb, YTO C03AaHH0 nonynpoBOAHHKOBO 
TexHHKH He1r1nocb co6b1THeM He MeHee peeomou1r10HHblM, YeM e ceoe epeMH 1r1ao6pere 
H1r1e paA1r1onaMnb1, nonO)l(HBwee HaYano PaAHOTeXHHKH 1r1 paA1r103neKTpoH1r1K1r1. 

TaK YTO .lKe 3TO TaKoe - nonynpoeoAHHKH? 0TB0TWTu Ha 3TOT eonpoc 06b1YHblM on 
peAeneH1r1eM rnna «nonynpoeOAHHK - 3TO ... » HeB03MO.lKHO. ,[tnff roro, YT06bl BblffCHITTb 
a rnaBHOe - YffCHHTb CMblCn 3Toro cnoaa, H~HO OYeHb ffCHO npeACTaBHTb ce6e ¢1r1 
3HKY npoueccoa, npo1r1cxOAffll\HX a nonynpoaoAHHKe np1r1 ero aaa1r1MOAeiflcTa1r11r1 c 3Hep 
rnelfl 3neKTplr1YeCKOro nonff lr1 np1r1 npoTeKaHHH yepe3 nonynpoaOAHHK 3neKTpHYeCKO 
ro TOKa. 

A npouecCbl 3rn HaMHOro CnO)l(Hee, Y0M Te, c KOTOpblMH Mbl CTanKHaanHCb np1r1 lr13Y 
YeH1r11r1 ¢1r1al.1K1r1 pa60Tb1 3neKTpoeaKyyMHb1x 1r1 OTYacrn raaoHanonHeHHblX np1r16opoa 
no3TOMY lr13yYeHHIO TpaH31r1CTOpOB lr1 MHKpOCXeM 6yAeT nOCaffll\0HO 3HaYHTenbHO 60nb 
we aHHMaHHff. 

Cl>H31r1Ka 3Ta He CTOnb nOHffTHa lr1 OYeBH,D,Ha, KaK ¢1r131r1Ka pa60Tbl naMnoaoro AHOA 
1r1n1r1 TPHOAa. Ill ecmA np1r1 1r1ayYeH1r11r1 pa6oTbl PaAHonaMnbl He HaAO 6bino KaK-TO cne 
Ui.tanbHO paCTOnKOBblBaTb, YTO 3neKTplr1YeCKH!fl TOK - 3TO HanpaaneHHOe AaH.lKeHH 
CB060AHblX sneKTpOHOB, TO 3AeCb npH,D,eTCff nOAHanpffYb ace ceoe aoo6pa.lKeH1r1e, YT0-
6bl npeACTaBHTb, YTO 3neKTplr1YeCKlr1W TOK MO.lKeT 6b1Tb He TOnbKO HanpaaneHHblM ABH

.lKeHHeM 3neKTpOHOa, HO lr1 HanpaeneHHblM AaH.lKeHHeM ... AblPOK, T. e. Tex nyCTblX Mee 
npocTpaHCTaa, rAe KOrAa-TO HaxOAHnHCb 3neKTpOHbl, a Tenepb HX HeT, KaK, enpoYeM, 
HeT lr1 HHYero APYrOro. npeACTaaHTb ce6e STO He TaK npocro. 

Ill TeM He MeHee TeopHff pa60Tbl nonynpOBOAHHKOablX np1r16opoa OCHOBb1aaeTCff 
1.1MeHHO Ha np1r1aHaH1r11r1 3TOro ¢aKTa. 6onee Toro, OHa AIDKe 1r1 Ha3bleaeTCff 0¢1r1u1r1anbHo: 
3neKTpOHHO-,O.blpOl./Hafl TeopMfl. BOT co 3HaKOMCTaa c OCHoaaMH STOW Teop1r11r1 HaM lr1 
np1r1AeTCff HaYaTb. 

CaMoe 061.l\ee npeACTaeneH1r1e o CYl.l\HOcrn nonynpoBOAHHKOB MOryT AaTb HeKOTO
pble u1r1¢pb1. Cyll\eCTByeT y ¢1r1a1r1Koa oco6aff eA1r1H1r1ua (c1r1MeHc/cM), KoropaH xapaK
TepwayeT 3neKTponpoeoAHOCTb paanHYHblX MaTep1r1anoe. He BAaBaHCb a ¢1r1a1r1YeCKY10 
CYl.l\HOCTb 3TOW eAHHHUbl, npocro cpaBHHM sneKTponpoBOAHocrn npoaoAHHKoa, AH-
3neKTp1r1Koa lr1 nonynpoBOAHHKOa. 

Anff npoaOAHHKOB, K rpynne KOTOpb1x np1r1HaAne)l(aT npaKT1r1YecK1r1 ace MeTannbl, 
sneKTponpOBOAHOCTb ne)l(HT a npeAenax 104 ... 106 3Tlr1X caMblX eAHHHU. ,[tnff Ai.tSneKTpH
KOa OHa MeHbWe 10-10• A aecb HHTepBan OT 10-10 AO 104 3BHHMalOT nonynpoaOAHHKH. 

3TO orpOMHblW AHana30H npOBOAHMOCrn OT «nOYrn npoBOAHHKOB» AO «noYrn AHSneKT
PHKOa». nosTOMY 60nbWlr1HCTBO Bell\eCTB B np1r1p0Ae no napaMeTpy sneKTponpoaOA
HOCrn cneAyeT OTHecrn K nonynpOBOAHHKaM. 0AHaKO nHWb HeMHOrne lr13 HHX cerOAHff 
1r1cnonb3YIOTCff Anff npOH3aOACTBa nonynpOBOAHHKOBblX np1r16opoa, YeMy eCTb CBOH 
np1r1Y1r1Hb1, o KOTOpb1x Mbl ell\e noroeop1r1M n03)1(e. CpeAH srnx «H36paHHblX» rnaaHblMH 
ffBnfflOTCff YHCTbl!fl repMaHHW, YHCTblW KpeMHHW lr1 HeKOTOpb1e XHMHYeCKHe COeAHHeHHff, 
Hanp1r1Mep apceHHA rann1r1H (GaAs), aHrnMOHHA HHAHff (lnSb) 1r1 PHA APYrHX. 

B OTnHYHe OT MeTannoa sneKTpHYeCKOe conporneneHHe nonynpoaOAHHKOa np1r1 Ha
rpeeaHHH He yeen1r1Y1r1aaeTCff, a yMeHbwaeTCff. KpoMe TOro, OHO MO)l(eT 3aa1r1ceTb OT ue

noro PffAa BHeWHHX ¢aKTOpoa: OCBell\eHHOCrn, lr10Hlr131r1PYIOl.l\ero lr13nyYeHHff, 3neKTp1r1-
YeCKOro nonff. 0YeHb Ci.tnbHO MeHfflOT conporneneHHe XHMHYeCKH YHCTblX nonynpoaoA
HHKOa HHYTO.lKHble, lr13MepffeMble HHOrAa Aa)l(e eAHHHUaMH MOneKYn, nocropOHHHe np1r1-
Mec1r1. 3TOT nocneAHHW ¢aKT KaK pa3 OYeHb WHPOKO 1r1cnonbayeTCff np1r1 C03AaHHlr1 
nonynpOBOAHHKOablX np1r16opoe. 

Anff 60nbWlr1HCTBa MeTannoa c xopowew sneKTponpOBOAHOCTblO (MeAb, anlOMHHHW, 
cepe6po VI AP.) xapaKTepHa eeCbMa cna6aff CBff3b sneKTpOHOB aHewHelfl o6onOYKlr1 
c aTOMOM, nosroMy e Tene MeTanna acerAa, np1r1 nio6ow TeMnepaTYpe, HMeeTCff MHO-
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)l(eCTBO TaK H83blB8eMblX CB060AHblX sneKTpOHOB, OTOPBBBWlllXCR OT «CBOlllX» aTOMOB 1.1 

XBOTlll'iHO 6nY>KABIOW,lllX Me)l(Ay 8TOM8Mlll. 

Ecn111 K TBKOMY npoBOAHlllKY np111no:>K111Tb sneKTp111'ieCK111A noTeHu111an, 3TM ceo60AHble 

sneKTpOHbl «OXOTHO» Ill npaKTlll'ieCKlll 6ecnpenRTCTBeHHO Bb1CTP8111B8IOTCR B opraHlll30-

B8HHYIO uenO'iKY, npeACT8BnRIOW,YIO sneKTplll'ieCKlllA TOK. 

B KBKYIO CTopoHy 3TOT TOK 6yAeT HanpaeneH? .l\llR CB060AHblX 3nel<TpOHOB 3TO He 
Bonpoc. OH111 BcerAa ycTpeMnRIOTCR e cTopoHy nonO)l(lllTenbHoro nonioca lllCTO'iHlllKa 

nonR. CTOlllT TOnbKO noMeHRTb nonRpHOCTb lllCTO'iHlllKB - 3neKTpOHbl TyT *e noMeHRIOT 

HanpaBneH111e ABlll)l(eHlllR Ha o6paTHOe, n03TOMY Benlll'i111H8 npoBOAlllMOCTlll npoBOAHlll
KOB He 38BlllClllT OT HanpaBneHMR TOKa 'iepe3 HI/IX. 

TO'iHO TBK )l(e He 38BlllClllT OT nonRpHOCTlll np111no)l(eHHoro HanpR)l(eHlllR npOBOAlll

MOCTb A1113neKTplllKOB: OHa OAlllHBKOBO nnoxaR (ecn111 He CK838Tb- Hlll'iT0)1(H8R} B nl060M 

HanpaBneH1111.1. 

CoBceM 111Hoe Aeno nonynpoBOAHlllKlll. B 3BBlllClllMOCTlll OT uenoro PRAB cj>aKTopoB 111x 

sneKTponpOBOAHOCTb MO:>KeT cyw,eCTBeHHO (lllHOrAa B COTHlll pa3) pa3nlll'i8TbCR B TBK Ha-

3blB8eMOM npRMOM Ill o6paTHOM HanpaeneHlllRX. 
Ho rnaBHaR oco6eHHOCTb no.hynpoBOAHlllKOB - sTo Han111'i111e y HMX AByx pa3HblX Blll

AOB sneKTponpOBOAHOCTlll: sneKTpOHHOA Ill AblPO'iHOA. s:IBneHllle 3TO HaCTOnbKO He

nplllBbNHOe Ill cneu111cj>lll'iHOe, 'iTO npe)l(A0 'ieM Mbl BnnOTHYIO 3aAMeMCR ero OCMblCneHlll
eM, 6yAeT O'ieHb none3HO BePHYTbCR Ha3BA 111 BCnOMHlllTb, 'iTO npo111cxoA111no s pa3pe

)1(0HHOA ra30BOA cpeAe. B STOA cpeAe noA B03AeAcTBllleM BHewH111x np1111illlH npo111c

XOA111na lllOHlll38L\lllR MOneKYn ra3a, T. e. OT aTOMOB, COCT8BnRIOW,lllX MOneKYnY ra3a, no 
T0M 111n111 lllHblM nplll!illlHaM OKa3blBMCR OTOpBaHHblM OAlllH sneKTpOH, BCneACTBllle 'iero 

OCTaBWBRCR 'i8CTb MoneKYnbl npeBpaw,anacb B nonO:>KlllTenbHO 38PR:>KeHHblA lllOH. 
Ill KOrAB K y!i8CTKY c TaKlllM pa3pe)l(eHHblM lllOHlll3111POB8HHblM r830M nOAKnlO'iMlll lllC

TO'iHlllK nOCTORHHOro HanpR)l(0HlllR, B ra30BOA CP0A0 B03HlllKMlll ABB P83HblX 3neKTplll

'ieCKlllX TOKa: OAlllH 1113 HI/IX o6pa30BblBMlll CB060AHble sneKTpOHbl, HanpaBnRBWlll0CR, 

KaK Ill nono)l(eHO, B CTOPOHY nonO)l(lllTenbHOrO sneKTPOAB, a nlllWlllBWllleCR sneKTpOHOB 

nonO)l(l/ITenbHble lllOHbl HB'illlHMlll M0AJ'l0HHO nepeMeW,8TbCR B npOTlllBOnonO)l(HOM Ha

npaeneHllllll - B CTOpOHy 0TPlllL\8T0nbHOro sneKTpOAB. 

no'ieMy MeAJ'leHHO? ,D,a nOTOMY 'iTO Macca lllOHa BO MHOro pa3 6onbwe MaCCbl sneK

TpoHa, a 3Ha'illlT, np111 OAHOA Ill TOA )1(0 eenlll'il/IHe noTeHL\lllMa sneKTplll'ieCKOro nonR CKO

POCTlll I/IX ABlll)l(eHlllR 6YAYT o6paTHO nponopu1110HanbHbl lllX MBCCaM. 

CTano 6b1Tb, caMa B03MO)l(HOCTb cyw,ecTBOBSHlllR B OAHOA 111 TOA *e npoBOARw,eA 
cpeAe AByx pa3HblX no HanpaBneH11110 111 no CKopocrn nepeMew,eH111iil Hoc111Teneli1 3neKT

p111'iecK111x 3aPRAOB - RBneHllle 06bl'iHOe Ill WlllPOKO 111cnonb3yeMoe Ha npaKTlllKe. 

0AH8KO CB060AHOe nepeMew,eH111e lllOHOB B03MO:>KHO TOnbKO B :>KlllAKOCTRX Ill ra38X. 
A Bee nonynpoBOAHlllKlll npeACTaBnRIOT co6oli1 TBePAble Tena, no3TOMY r0Bop111Tb o ne

peMew,eH111111 B HI/IX lllOHOB He nplllXOAlllTCR. Ill TeM He MeHee nplllHRTO C'illlT8Tb, 'iTO B Tene 

nonynpoBOAHlllKB OAHOBpeMeHHO nplllCYTCTBYIOT ABB pa3HblX BlllAB HOCl/ITeneA 38PRA8 -

sneKTpOHbl Ill ... AblPKlll. 
KorAB CbeABIOT 6y6n111K, OCT80TCs:I ••• AblPKB OT 6y6n111Ka. BOT TO'iHO TaK )1(0 CneAyeT 

nOHlllMaTb, 'iTO KOrAB OT 8TOM8 «OTPblB80TCR» sneKTpOH, TO B 3TOM MecTe aToMa OCTa

eTCR «AblPKB OT sneKTpOH8». A nOCKOnbKY nlllWlllBWllllilCR 3neKTpOHa 8TOM CTaHOBlllTCR 

nonO)l(lllT0nbHO 3apR:>K0HHblM, OH CTpeMlllTCR «noAM8Tb» nio6oli1 nponeTalOW,llllil Ml/IMO 

CB060AHblli! 3neKTpOH Ill B0PHYTb ero... Ha MeCTO «YAPaBwero» 3neKTpOH8, T. e. B o6-

pa30B8BWYIOCR «AblPKY"· A 3TO no3BOnReT roBOPlllTb o TOM, 'iTO AblpKa o6nSAaeT eA111-

Hlll'iHblM nonO)l(lllTenbHblM 38PRAOM, paBHblM no Benlll'illlHe OTPlllL\aTenbHOMY 38PRAY 
sneKTPOHa. 

Ho BeAb aTOMbl Ill MoneKynbl B TB0PAOM Tene He MOrYT CB060AHO nepeMew,aTbCR. 

A 3H8'illlT, Ill o6pa30BaBWllleCR AblpKlll, XOTb OHi/i Ill nonO)l(lllT0nbHO 38PR:>KeHbl Ill RBnRIOTCR 

HOClllTenRMlll sneKTplll'i0CKOro 3apRAB, TaK:>Ke He MOrYT HlllKYAB nepeMew,aTbCR Ill o6pa-

30BblBaTb sneKTplll'ieCKlllA TOK! 
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BOT 3,D,eeb Mbl KaK pa3 H nOAOWnH K Ha1116onee enoxcHOMY AnR nOH"1MaH"1R ..., yeBoe
H"1R MOMeHTy Beeill aneKTpOHHO-Ablp0!.4HOill Teop111111. Ill '4T06bl npeOAOneTb 3TOT py6e)I(, 
eHOBa o6paT"1MeR K He paa Bblpy!.4aBweMy Hae MeTOAY aHanornill. 

npeAeTaB"1M ee6e 6"1TKOM Ha6111Tblill 3P"1TenbHblill 3an Ha KOHU,epTe 3HaMeH"1TOill non-
3Be3Abl. Bee AO OAHOro Kpeena B 3ane 3aHRTbl, a '4aeTb eTyAeHTOB, npOH"1KWaR B 3an 
6e3 6111neToB, AaX<e eT0"1T y eTeHbl n03aA"1 noeneAHero PRAa. 

Ho BOT 0"1A0BWeMy B nepBOM PRAY n03BOH"1n"1 no M06"1nbH"1Ky ..., eKa3an"1, '4TO yro
HRI01' era ~111n. OH BOKaK111BaeT e MeCTa 111 enoMR ronoBy 6e)l("1T Ha yn111u,y. 8 pe3ynbTaTe 
Kpee.no, H8 KOTOPOM OH 0"1Aen, OK83blBaeTeR eB060AHblM, 111n111, rOBOPR "1Ha'4e, B Mae
e111Be Kpeeen 06pa3yeTeR AblpKa. Ho ey~eeTByeT oHa HeAonro: e111AeBw111ill no3aA"1 6e
A011~r"1 3p111Tenb BToporo PRAa, Boenonb30BaBw111eb e111Tyau,111eill, 6b1eTp() nepeeaxc111Ba
eTeR Ha eB060AHOe MeeTO B nepBOM PRAY. 3anonHRR TeM eaMblM ol5pa3oBaHHylO Ablpi<y. 

np~~Aa, np111 3TOM OAHOBp0M0HHO 06pa3yeTeR HOBaR AblpKa - ~e BO BTOpOM PRAY· 
Ill B 3Ty ,!lblPKY 6b1CTpo nepeeaxc111BaeTeR 3p111Tenb TpeTber9 PRAa. 9p~o60XCAaR HOBYIO 
AblPKY AnR 3p111TenR '40TBepTOro PRAB. 

8 pe3ynbTaTe He npOXOA"1T ..., ABVX M"1HYT, KaK 3P"1T0nb nO~f!AAl1~ro PR~ 11~pee~111-
BaeTeR B Ab•PKY npeAnoeneAHero PRP.a, a AblPKY B noeneAHel\ll pR,ay TYT ~e aaH1t1Maer 
6e36"1neTHblill eTyA0HT, eTOR~"1ill y eTeHbl. 

A Tenepb npeACTaB111M, '4TO noA eaMblM noTOnKOM e 4eHTpe 3P"1Te.flbHQro 3anp noA
~ei,µe1:1a BKnl0'4eHHaR TeneKaMepa. '-iTo oHa 3acj>111Ke111pyeT? 3TO tierpyAHO epq6pa~111Tb. 
nocKOnbKY BCe 3p111Ten111, ecn111 CMOTP0Tb Ha H"1X eBepxy, npeACTaBnRIOTCR o.q111HQKOBbl
M"1 wap111KaM111 (TaK BblmRART ronoBbl 3p111Teneill), KaMepa 3acj>111Kc111pyeT 6blcTpoe nacne
AOBaTenbHoe( ! ) nepeMe~eH111e 3rnx wap111KOB B cTopoHy eu,eHbl. Ho QAHOf3P0M0HHP oHa 
3acp1111<QlllPY~T Ill TO!iHO TaKOe xce nepeMe~eH"10 CB060AHblX Kpece11-p,b1pOK B npOT"1BO
nof10>KHQM HanpaBneH111111 - OT nepBoro PRAB K nocneAHeMy. 

0AHaKo napa,p,OKC CQCTO!f1T B TOM, '4TO wap111K111-aneKTPOHbl A0illCTB"1TenbHO riepeMe
lUSIOTCR B npoeTpaHCTBe, TOrAB l<aK ABL4)1(0H"1e CB060AHblX Kpecen, 3a!f>111KC"1POE18HHOe 
T8[101(8Mepoill, TOnbKO Ka)l(y~eeCR, nocKOnbKY Ha eaMOM Aene Bee Kpecna OCTalOTCR He
nOAB"1>KHblM"1 Ha CB0"1X M0CTax. 

P111c. 27. CxeMSTll1"19CKOe 111306pa>KeH111e uycTpo,;;cTBS» KPHCTanfl!l r13p~aHlllA 
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He"ITO nOA06Hoe npOlllCXOAlllT Ill 8 Tene nonynp080AHlllKB, K KOTOPOMY np111no)f(eH 

aneKTplll"leCKlll~ noTeHu,lllan, OAHBKO AnR RCHOro nOHlllMBHlllR 3TOro npou,ecca HBM noHa

A06111TCR 6onee noAp06HO 03HBKOMlllTbCR co CTpOeHllleM BTOMB «KnBCClll"l0CKOro» nony

np080AHlllKB - repMBHlllR (Ge). 

BoKpyr RAPS BTOMa repMBHlllR Ha HeCKOnbKlllX op6111Tax 8PBIJ.U!IOTCR 32 aneKTpOHa. 
28 1113 HI/IX 3BHlllMBIOT TBK HB3b18BeMbl0 8HYTP0HHlll0 op6111Tbl Ill Hiii np111 KBKlllX o6CTORTenb

CT8ax He MOrYT «OTOP8BTbCR» OT RAPS. A Ha CBMO~ nocneAHe~. HBPv>KHO~ op6111Te, pac

nonaralOTCR OCTB8WllleCR 4 aneKTpOHa. OHlll HB3b18BIOTCR 8aneHTHblMlll. c I/IX nOMOW,blO 

ocy111eCTBnR0TCR 83BlllMOC8R3b COC0AHlllX BTOM08, np11180ARIJ.U!R K o6pa308BHllllO u,enoro 
Kp111cTanna nonynpo80AHlllKa. 

3Tlll 4 sneKTPOHa, OTHOClllTenbHO cna6o YAep)f(1118aeMb1e np111TR)f(eH111eM RAPB, np111 

AOCTBTO"IHO ClllnbHOM 803Ae~CT8111111 8HeWHero lllCTO"IHlllKB 3Hepr111111 (aneKTPlll"leCKOe 

none, C8eT, lllOHlll3111PYIOW,ee 111any"leH111e) MOrYT «OTpbl8BTbCR» OT C80e~ op6111Tbl, CTBH0-

8RCb Ha KBKOe-TO 8peMR C8060AHblMlll Ill OCTB8nRR nocne ce6R Ha op6111Te KBK 6bl nono
)f(l/ITenbHYIO AblPKY· 

ATOMbl 8 KPlllCTBitne pacm>llO)l(eHbl a CTporoM nopS'IAKe: KB>t<Abl~ BTOM c pa3Hb1X 9ro
POH OKpy)f(eH "leTblpbMR TO"IHO TBKlllMlll )f(e BTOMBMlll, np111"1eM pa9nono)KeHbl OHi/i TaK 
6nlll3KO APYr K Apyry, "ITO sneKTpOHbl Hapy)f(HblX o6onO"l0K y A8yx COC0AHlllX BTOM08 R8-
nRIOTCR 06w,111M111. CxeMaT111"leCK111 aTo 111ao6pa)f(eHo Ha p111c. 27, a Ha p111c. 28 no~aaaHa 
cxeMa o6pa308BHlllR napi:.1 sneKTpOH-AblpKa. 

Mbl y)f(e 3HBeM, "ITO «npoCTO TBK», Hiii c Toro Hiii c cero, ~an~HTHbl~ 3,f10KTPOH lie 

CTBH0T 110KlllABTb 11P0AHB3HB"l0HHYIO eMy ap6111TY. l.fT06bl 3TO npo111aowno, HY>l<HB KiiKSS'l
TO 8H0UJHRR nplll"llllHB. 6yAeM C"llllTBTb, "ITO TBKO~ nplll"llllHO~ CTan 3n0KTPlll"leCKlll~ noTeH

u,111an, KOTOpb1~ Mbl «np111no)f(111n111» K He6onbwoMy KPll!CTanny "lll!CToro repMaH111R. 

nOA Ae~CT8111eM 3TOro noTeHU,l/IBna OAlllH 1113 8HeWHlllX an0KTP9H08 «He 8b1Aep)!<an», 
cop8ancR c op6111Tbl Ill YM"IBnCR K nonO)f(lllT0nbHOMY noniocy 8HewHero lllCTO"IHlllKa, OCTa-

81118 8 OAHOM 1113 BTOM08 «nonO)f(l/ITenbHYIO» AblPKY· Ero np111Mepy 3!iXOTen nocn~A08BTb 
APYro~ sneKTpOH 1113 coceA1-1ero cneQa aToMa, OAHBKO 1113 aTo~ aaTe111 y Hero Hlll"lero He 
nony"1111nOCb, nOCKOnbKY, nponeraR HSA nonO>KlllTenbHO 3BPR>K0HHO~ AblPKO~ nep8oro 
BTOMS, OH OKa3BnCR 3BX8B"leH 3TO~ AblpKO~ Ill 80A80peH Ha op6111TY 8MeCTO c6e)f(B8We

ro aneKTpoHa. 

Ro po 

BHt!UJHRR op5uma 

P111r:. 28. 06pa3oeaH1-1e napb1 aneKTPOH-AblpKa 
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Hlll"lero He nOA03peeaew111A 3neKTpOH TJ)eTb8rO cneea aTOMa, nOKlllHYB CBOIO op6111-

TY1 TalOKe He AOneTlllT AO lllCTO"IHlllKa BHewHero nom1, nOCKOnbKY 6yAeT nepexea"leH 

AblPKOA BTOporo aToMa, Ill T. A· 8 peaynbTaTe B03HlllKHeT KaPTlllHa, KOTOPYIO Mbl Ha6nl0-

Aanlll B HaweM ycnoeHOM KOHi.tepTHOM aane. 

CaMblA nepeb1A «copeaew111Acsi• sneicrpoH e 0Tn111"1111e OT ecex nocneAy10w,111x npo

neraeT H8A 1.tenb1M111 aT0MaM111, e CTPYKTYPe KOTOpblx HeT AblPOK, nosTOMY OH He 111cnbl

Tb1eaeT nplllTSl>KeHlllSI c I/IX CTOPOHbl Ill 6ecnpenSITCTBeHHO (a cneAOBaTenbHO, "' O"lel1b 

6blCTpo) AOCTMraeT nono>K111TenbHOro non10ca eHewHero 111CTO"IH111Ka. Te >Ke sneicrpOHbl, 

KOTOpb1e BblHY>KAeHbl nocneAOBaTenbHO nepecKaK111eaTb 1113 OAHOA AblPKlll e APYrylO, ec

TeCTBeHHO, ABlll>KyrCSI 3Ha"llllTenbHO M0AlleHHee, Ill TO"IHO c TaKoA >Ke CKOPOCTblO, HO 

e HanpaeneH111111 0Tp1111.taTenbHoro non10ca nepeMew,a10TCS1 AblPKlll. 

B peaynbTaTe e KPlllCTanne nonynpoBOAHlllKa eo3HlllKalOT pa3Hble Blll,Qbl sneKTponpo

BOAlllMOCTlll. 

8 nl060M nonynpoBOAHlllKe ecerAS lllM00TCSI KaKOe-TO KOnlll"leCTBO 1113Ha"lanbHO ceo-

60AHblX, T. e. He BXOAS!W,lllX B COCTaB aTOMOB sneKTJ)OHOB. "1MeHHO OHi/i C03A8IOT sneKT

pOHHYIO npoeOAlllMOCTb. A ABlll>KYW,lllecsi nono>K111TenbHO aapsi>KeHHble AblPKlll CTaHOBSITCSI 

nplll"llllHOA AblPO"IHOA npoBOAlllMOCTlll. 

8 "llllCTOM nonynpoBOAHlllKe "llllCno BblCB060>KASIOW,lllXCSI B 0AlllHlllLtY epeMeHlll sneKT

POHOB paBHO "llllCny o6paaylOW,lllXCSI AblPOK, OAHaKO nplll KOMHaTHoA T0MillepaTYP0 06-

w,ee 111x "llllCno cpaeH111TenbHO Heeen111Ko, a noTOMy 111 sneicrponpoeoAHOCTb Kp111cTanna 

Hlll3KaSI. Ho KapTlllHa pe3KO MeHHeTCSI, ecn111 K "llllCTOMY nonynpoBOAHlllKY (CK8>K0M, TOMY 

>Ke repMaHllllO) A06aBlllTb A8)Ke H03Ha"l"1TenbHOe KOnlll"leCTBO np111Mec111. 3To nplllBOAlllT 

K pe3KOMY yeen111"1eHllllO sneicrponpoBOAHOCTlll, np111"1eM xapaKTep ee 3ae111c111T OT ea

neHTHOCTlll BBOAlllMOA np111Mec111. 'iT06bl paao6paTbCS1 Ill c 3TlllM, np111AeTCSI CHOBa np111-

6erHyrb K nORCHlllT0nbHblM p111cyHKaM. 

nocMOTPlllM Ha p111c. 29. OH OTnl/l"laeTCSI OT p111c. 28 TeM, "ITO B KPlllCTann "llllCTOro 

repMaHlllSI BCTpoeHa H03Ha"llllT0nbHaR A06aeKa nRTlllB8n0HTHOA cypbMbl, y aTOMOB KOTO

poA Ha BHewHeA o6onO"IK0 lllM00TCR He "10Tblpe, KaK y repMaHlllR, a nSITb sneKTpOHOB. 

A nocKOnbKY KOnlll"l0CTBO aTOMOB repMaHlllA H0COlll3M0PlllMO 6onbW0, "leM aTOMOB cypb

Mbl, Ka>KAblA aTOM cypbMbl 6yAeT oKpY>KeH "leTblpbMSI aT0MaM111 repMaH111S1. 
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P111c. 29. Y'laCTOK KPlllCTaIIJla repMaHlllR 
nocne eeeAeHHR e ero CTPYKTYPY aTOMa cypbMbl 



no,qo6Hasi KapT111Ha noKa3aHa Ha p111c. 27, 111 111a 3Toro xce p111cyHKa BlllAHO, 'ffO ece 

Ll0Tblpe sneKTJ)OHa BH0WHe£1 op6111Tbl ecex COC0AHlllX aTOMOB B38111MOCBSl38Hbl Ill 111cnonb-

30B8Hbl nonHOCTblO, T. e. B KPlllCTanne LllllCTOro repM8HlllSI H0T Hiii CB060AHblX (nlllWHlllX), 

Hiii HeAOCT8IOL1-'lllX sneKTpOHOB. 

Ho sra 111,q111nn111si pe3KO HapywaeTcsi c nosieneH111eM aTOMOB cypbMbl. "13 nsiTlll sneKT

poHoe ee BH0WHe£1 op6111Tbl Lt0Tblpe no-npexcHeMy 6YAYT 111cnonb30B8TbCSI ,!\nSI C03A8HlllSI 

CBR3e£1 c Lt0TblpbMSI COCe,qHlllMlll 8TOM8Mlll repM8HlllSI, a nRTbl'1, OCT8BWlll'1CSI H0111CnOnb-

30B8HHblM sneKTpOH oKa>KeTcsi n111wH111M 111 nononHlllT PRAbt ceo60AHblX sneKTpoHoe 

sneKTpOHHOV. npoBOAlllMOCTlll. 

L1111cno TaKlllX «AOnonHlllT&nbHblX• CB060AHblX sneKTJ)OHOB 6yA0T B TOLIHOCTlll paBHO 

L1111cny aTOMOB eeeAeHH0£1 np111Mec111 cypbMbl. A nocKonbKY nosieneH111e AOnonH111TenbHblX 

CB060AHblX sneKTpOHOB He COnpOBO)ICA80TCSI B03HlllKHOB0Hlll0M AblPOK, B T8KOM cco6ora

L1-'0HHOM cypbM0£1• Kp111cTanne sneKTpOHHasi npoeOAlllMOCTb oKaxceTCR CYL1-'0CTB0HHO 

Bb1W0 AblpOLtHOilf npOBOAlllMOCTlll. 

TaK KaK sneKTJ)OHbl aapsi>KeHbl OTPlll®TenbHO (OT naT111HcKoro cnoea HeraTlllBHO), LtTO 

nplllHSITO o603H8Lt8Tb naT111HCK0'1 6yKB0'1 n, TO Ill nonynpOBOAHlllKlll c npeo6naASHlll0M 

3neKTpOHH0'1 npoBOAlllMOCTlll H83blB8IOT nonynpOBOAH&.1K8Mlll n-Tlllna. 

Ecn111 xce BM0CTO cypbMbl B K8Ll0CTBe A068BKlll nplllM0HlllTb TpexeaneHTHblill lllHAlllill 

(111n111 8nlOMlllH111£1), K8PTlllH8 nOM0HSl0TCSI Ha nporneononOX<HYIO (p111c. 30). y 8TOM8 lllHAlllSI 

npOCTO He XB8TlllT sneKTpOHOB BH0WHe£1 o6onOLIKlll, LIT06bl o6pa30B8Tb CBSl3111 c lteTblpb

MSI COC0AHlllMlll 8TOM8Mlll repM8HlllSI, n03TOMY OAlllH H0AOCT8IOL1-'111'1 sneKTpOH eMy np111-

A0TCSI ccn038111MCTBOB8Tb y 6n111xcaillwero nRTOro 8TOM8 repM8HlllSI. 

HO nplll 3TOM H0111360>KHO o6pa3y0TCSI Ab1PK8 B TOM M0CT0, OTKYA8 ccn038111MCTBOB8H» 

H0AOCT8IOL1-'111'1 sneKTpOH. "1 T8KlllX «nlllWHlllX» AblPOK, KBK Tbl yxce AOra,qancsi, 6y,qeT poe

HO CTOnbKO, CKOnbKO 8TOMOB lllHAlllSI eee,qeHO B KPlllCTann repM8HlllSI. 

8 pe3ynbTaTe 06L1-'00 LllllCno AblPOK MHOrOKpaTHO npeBblClllT LllllCnO CB060AHblX sneK

TPOHOB, LITO Ill o6ycnOBlllT npelllMYL1-'0CTB0HHYIO AblPOLIHYIO npoBOAlllMOCTb KPlllCTanna. 

no aHanor111111 c Kp111cTannaM111 n-rnna Kp111cTannbl c npe111MyL1-'eCTeeHHO Ab1poL1H0£1 npo

BOAlllMOCTblO H83blB8IOT KPlllCTannaMlll p-rnna (OT namHCKOro cnoea no3HTHB, T. e. no

nOX<lllT0nbHbl'1). 

I I 
I I 

PMc. 30. Y'laCTOK KPMCTanna repMaHMsi 
nocne BBBABHMSI B ero CTPYKTYPY aroMa MHAMSI 
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Tenepb ACHO, l.ITO B 'U1CTOM, 6e3 npll'IMeceill, nonynpOBOAHll'IKe ll'IMeeT MeCTO co6-

CTBeHH8A sneKTponpOBOAHOCTb, AOCT8TO"IHO Hll'l3K8A, a B nonynpoBOAHll'IKax c A06aene

Hll'leM npl!'IMeceill - npll'IMeCH8A npoBOAll'IMOCTb, KOTOpaA MO>KeT 6b1Tb 1111'160 3/leKTpOH

HOill, 1111'160 AblPOl.IHOill. Bnpo1.1eM, B mo6oM nonynpOBOAHll'IKe ecerAa npll'ICYTCTBYIOT OA

HOBpeMeHHO ece Bll'IAbl sneKTponpOBOAll'IMOCTll'I, TOJlbKO OHll'I cyw,eCTBeHHO p831111'11.18IOTCA 

Me)l(,D,y co6oill KOJlll'll.leCTBeHHHO. 

Te HOCll'ITeJlll'I, KOTOPble o6pa3ylOT npell'IMyw,eCTBeHHbli'I Bll'IA npoBOAll'IMOCTll'I, Ha3bl

B8IOTCA eCHOBHblMll'I HOCll'ITeJIAMll'I, a APYrl!'le HOCll'IT0nll'I - He OCHOBHblMll'I. HeTPYAHO co

o6pa311'1Tb, "ITO B nonynpoBOAHll'IKax n-Tll'lna OCHOBHblMll'I HOCll'ITeJIAMll'I ABJIAIOTCA 3/leKTpo

Hbl, a e nonynpoeoAHll'IKax p-rnna - AblPKll'I. 

l7p1t1MeCHble nonynpOBOAHll'IKll'I o60ll'IX rnnoe 06J18A8IOT ropaa,QO 60/lbWeill 3/leKTpo

npoeoAHOCTblO, 1.1eM .,HCTble nonynpOBOAHll'IKll'I. 

BeT ;r.enepb, i<or,e,a Mbl oceoll'lnll'I eaMble sneMeHTapHble 83bl s11eKTpOHHO-Ab1po1.1Hoill 

TeOpll'lll'I nonynpoBOAHll'IKOB, MO>KHO 6blJIO 6bl 11'1 nepei'ITll'I K paCGMOTpeHL4IO npll'IHL-'ll'lna 

pa6E>T-bl flO.AYf1POBOAHL4KOBblX npll'l6opoe. 0AHaKO npO,QOJl>Kll'IM sry TeMy Ha C110AYIOUJ,ll'IX 

3BHATl4AK. 

YpoH 2. 3HAKOMCIBO C fEHEPATOPAMM 
Qr ;:@.HAT!'IA K 38HATL4IO Mbl HeyKJIOHHO npOABL4raeMCSI enepe,Q,, OCBall'IB8A ece HOBble 

w !"!Q~~e noH~TL4A. CerOAHA Hacrynll'lna O"lepeAb sHaKOMCTBa c reHepampaMll'I, no

CKOJlbKY 6e3 3TOrO Mbl He CMO>KeM OCBOL4Tb pa6ory cynepreTepOAll'IHa. 

P,!'IP.0-bl 11'1 P8All'I011aMnb1, c KOTOPl?IMll'I Mbl Y>Ke noaHaKOMll'IJlll'ICb, aaHll'IManll'ICb TeM, 1.1To 

np~o6P.~30Bb1Ba1111'1 nOABOAll'IMbl!ii K Hll'IM Cll'lrHan: 1111'160 ero AeTeKTll'lpOB8Jlll'l1 1111'160 YCll'IJlll'l-

88.fl!f'!. Ho e 11io60M c11y1.1ae OHll'I pa6oTanll'I c nc;>ABOPJllMl?IM 11'13BHe Cll'lrHanoM. B OTJlll'll.lll'le OT 

H1!1X JllO~O~ reH~paTop He Hy>KAaeTCA B nOABOAll'IMOM 11'13BHe Cll'lrHane, nocKOJlbKY OH caM 

C03,EJ,a.0T sneKTpll'll.leCKll'lill Cll'lrHan, ll'ICnOJlb3YA A/IA 3TOrO 3Heprll'llO ll'ICTOl.IHll'IKa nOCTOAHHO

ro TOKa. 

Boo6w,e, eCJlll'I roeopl4Tb coeceM CTporo, cyw,eCTBYIOT H reHepaTOpbl c BHeWHll'IM 

B036Y>KAeHll'leM, OAHaKO Ha 3TOM 3Tane Mbl ll'IX K8C8TbCA He 6y,Q,eM, a noroeopll'IM 0 reHe

paTOpax c T8K Ha3blBaeMblM C8MOB036Y>KAeHll'leM. 

A l.IT06bl CTa/10 nOHATHee, KaK B03Hll'IK80T T8KOe C8MOB036Y>KAeHll'le, 11y1.1we ecero 

eepHYTbCA K pa6oTe 11'1 xapaKTepll'ICTll'IKaM OAll'IHOl.IHOro KOJ1e6aTeJ1bHOro KOHrypa. 

B npeAblAY111eill KHll'lre t-ta nATOM 3aHATll'lll'I Mbl ccj>opMy1111'1p088Jlll'I OAHO 11'13 Ba>KHei'IWll'IX 

nono>KeHll'lill, KOTOpoe 3BY"lll'IT TaK: 

B uiJeaJLbHO.M aa.M1mymo.M 1COJtefJameJLbHO.M 1Conmype 

c nepeonallaJLbHO eeeiJeHHbt.M aanaC()M aJLe1CmpulleC1Cou anep

zuu eoanu1Ca10m cotJcrntJennbte neaarnyxa10~ue aJLe1Cmpo.Maz

numnbie 1COJLefJanua c 11JepuoiJo.M <1 T~. 

B ll'IAeanbHOM - sTo 3H~"lll'IT 6ea KaKll'lx 6b1 To Hll'I 6b1110 noTepb. A Heaaryxaiow,ll'le -

3TO aHal.lll'IT TaKll'le, KOTOpb1e, OAHa)l(,D,bl B03Hl/IKHYB, 6YAYT cy111ecTeoeaTb CKOJlb yroAHO 

AOnro 6ea yMeHbWeHll'IA aMnJlll'ITyAbl. 

0AHBKO Mb1 TYT >Ke paabACHll'IJlll'I, 1.1To TaKll'le KOHTYPbl MoryT cyw,ecTeoeaTb TOJlbKO 

B Me1.1Tax, nOCKOJlbKY Jll060i:.1 peanbHbliii KOHTyP acerAB ..., o6~aaTeJlbHO caM ABJIAeTCA HO

Cll'ITeneM 11'1 ll'ICTOl.IHll'IKOM H011'136e>KHblX norepb, Ha KOTOpblX pacxeAyeTCA KaKaA-TO 1.1aCTb 
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nepeoHa"lanbHO BBeAeHHOiii B KOHTyp 1113BHe 3Heprn111. B peaynbTaTe o6~ee KOn111l.feCTBO 
nepeoHal.fanbHO BBeAeHHOiii B KOHTyp 3Heprn111 nocTeneHHO yMeHbwaeTCR, "!TO npll1BO
A111T K yMeHbWeH111IO aMnnll1TyAbl co6CTBeHHblX KOne6aH111iii KOHTypa 111n111, KaK npll1HRTO ro
BOPll1Tb, K 3aTyXaHll1IO KOne6aHll1iii. 

nocKonbKY ycTpaH111Tb BHYTPeHH111e n0Tep111 e peanbHOM KoHType HeeoaMO)l(HO Aa>Ke 
TeopeTll!"lecK111, B03Hll1Kna APYrasi 111AeR. A "!TO ecn111 nocne nepBoro nep1110AB CBO~OAt1blX 
Kone6aH111iii, e XOAe KOToporo nep,eoHal.fanbHaR aMnn111TyAa CB060AHOro Kone6a1-1111R 
yMeHbw11111acb Ha Be11111"l111Hy AU, A06ae111Tb 111n111, TO"IHee, eepHYTb B KOHTYP 3Ty caMyio 
paaH111uy aMnnlllTyA BToporo 111 nepBorQ KP.ne6aH111R? lllHa"le roBopsi, cK0Mne!ic111poeaTb 
B03Hllll<WYIO noTepio SHeprn111 BHYTPl.4 KOHTYPB aa Cl.feT KaKoro-n11160 APYrOrO, aHeWHero 
111cTOl.fH111Ka? Ill nocrynaTb TaK Ka>KJJ.bliii pa3 nocne o"lepeAHoro nonHoro Kone6aH111R e 
KOHType? BeAb ec11111 l'Onw~ecn~eHHO sTa ,p.onont-t111TenbHaR nopu111si sHeprnsi 6yAeT paB
Ha 11U, TO KB)l(Abliii Cn0AYIO~llliii nep111QA 0Ka>K0TCR no aMnnMTyAe CHOBa paBHblM U, pa3-
1114L,\a B a1111nnl4TYAA~ J"ll061:>1X AB\')C; 9QC0JUWIX is:one6aH111iii OKa>KeTCR paBHa HynlO, a KOne6a
tUl'IR 9TaHYT He~aTyX&IO~ll1Ml/I. 

TeopeT111l.fecK111 TaKoe npeAnono>KeH111e BnanHe KoppeKT110, HQ BOT eonpoc: a OTKY'\a 
eaRTb STY p,ononH111TenbHYIO sHepr111io? BeAb B03epa~aeMbli4 B KOHTYP KOMneHc111py
io~111iii c111rf'if11l AOWKSH 6b1Tb e T0'1H(:lCTlf1 T8K!!11111 >Ke, KaK 111 co6cTBeHHble Kone6aH111R 
a KQHrype, r. e. coena,D,aTb c Hl!IM FlQ "18CTOTe, cpaae 111 OTn111HaTbCR TQnbKO 114eHbWeiii aMn-
n111TyAOiii. ; 

«CHRTb» STOT Cll1rHan c AOnonH111TenbHOro pe30HBHCHOrO KOHl)'pa? Ho ae_qb Ill B ntQ~ 
6oM APYrOM ~oHrype co6CTB0HHbla Kone6aH111R raK>Ke 6YAYT aaryxaip~111M111, a HaM ~y
>KeH lllCTO"IHll1~ «flOP,nl/ITKll1» c tie3a~al0Lqll1Mlll is:one6aH1t1Rl\A"1, a 0C.fll4 Mlbl XOTIAM !lAA
AeP>K111BaTb He3aTyxaio~111e KOne6aHll1R B nepecTpa1-1aaeMOM no "laCTOTe KOHrype, TO 11 
111CTO"IHlllK ~OMneHc111py10~ero c111rHana AOn)l(eH TO"IHO T8K >Ke, 111 np,MTQll,1 aeTQl\ll8Tllll.fe
CKll1, nepecTpa111BaTbCR BMeCTe c OCHOEIHblM KOHTypOM. 

BOT TYT-To Ha noMO~b 111 np111wna PBA1110naMna, caMblli! 06bl"IHb1iii TPHOA. KaK pa6oTa~ 
eT mo6ot1 YC"11Jll1Te111>Hblli1 KaCKa.q? Ha ynpaBnRIO~YIQ ceTKY na11An1:it nQ.f\aP.~T9R .fll(>~Of! 
aneKTpld"leGK111iii ClllrHlµI B BttAe neRellllSHttoro HanpR:lK0Hl/ISI, a Ha BblXOA~ K8CKBAB nony~ 
"188TOS! TOHHO TaKOi1 >Ke Cll1rHan, HO yciitneHHblH BO MHOro paa. OH, npaQAB, 111MeeT npo
rneononO>KHYIO cpaay OTHOCll1TenbHO BXOAHOro Cll1rHana, 111, KPQMe Tqro, 118M epBC~ He 
HY>Keti yc111neHHblH Cll1rHan, a, HanpornB, coeceM ManeHbKll1iii, paBHbliii 11U. 

Ho STO npo6neMbl y>Ke "11110TO TexH111YecK111e 111, KaK OKaaanopb, nerKQ peuiae11.11>1e. 
B03bMeM CaMbliii 06bl"!Hbliii yc111n111TenbHbliii KaCKBA Ha TPll10Ae, B aHOAHYIO ~enb KOTaporo 
B Kal.fecTee conpornBneH111R Harpy3Kll1 BKnlOl.feH peaoHaHCHbliii KOHTyp. BepHee, He co
aceM Q6bl"1Hbl~ peaoHaHCHbliii KOHTyp, a BblCOKO'"laCTOTHbJiii TpaHccpopMarop, nepBJl!l-j· 
HOiii 06MOTIC0!4 KQTOporo AeiiicTBL4Te11bHO RB.fl~0TCR Cal\tt KOHTYP1 a c ero !CBTyWKOi4 CBfj-
3aHa 111HAYKTll1BHO AOnOnHll1T0nbHaR BTOPll1"1HaR o6MOTKa. 

Ecn111 B KOHType B03Hll1KHyT CB060AHble KOne6a!iHR, TO TO"IHO TaK111e >Ke KOne6aHll1R 
OK8)1(YTCR 111 Ha BblXOAe BTPPlll"IHO~ Q6MOTKl/I. np111 STOM aMn11111TyAY KOnefiaHiitiii Ha BTO
piit"IHOiii o6MOTK0 Mbl MO>K0M nonyl.fll1Tb mo6yJO, noCKOnbKY OHa onpe,o,ensieTCR 111CKJ'llOLllll
T0nbHO K03<l><l>111u111eHTOl\ll TpaHO:j:>QpMB!.\111111, T. e. coowowe11111eM Bll1TK08 OCf"IOBHOiii Ka
TyUIKll1 KOHTypa 111 AOnOnHll1TenbHOiii BTOPll11.fHOiii 06MOTKll1. '"iTO >Ke KacaeTCR cpaabl, TO OHa 
1113M0HR0TCR Ha 180° B 3BBll1Cll1MOCT111 OT nonRpHocrn BKnlOl.f0Hll1R BTOp1111.fHOiii o6MOTl<ll!· 

TaKll1M o6pa30M, o6a ycnOBll!R, He06XOA"1Mbl0 MR noAD,ep>KBHll1R B KOHType H03fiTy· 
xalO~l'IX KOne6aH111iii, Mbl 6ea TPYAa pean111aoean111. KpoMe OAHOro, AflR noA.QeP>K8ti"1R 
B KOHType He3aTyXal0~111X Kone6aH111iii HY>KHO, l.fT06bl CB060AHbl0 KOne6aHll1R B HeM Y>Ke 
cy~eCTBOBan111. 

Ho TYT HaM KpynHo noeeano. Lii He apsi )Ke reHeparnp t10A06Horo rnna HaaBan111 reHe
paTopoM c CaMOB036y)K,QeHH0M. 0Ka3bJBaeTCR, Hll1KaKoro nepBOHal.fanbHOro c111n,ia.Ra 
B KOHTyp BBOAl'ITb He HY)KHO. nocMOTPll1M Ha cxeMy p111c. 31 111 npocneAHM nocneAQsa~ 
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PMC. 31. uTpaHc<PopMaTOpHaR• cxeMa 
naMnoeoro reHepaTOpa c caMoeoa6Yl!(

A9HMeM (cxeMa MeiolcHepa) 

T0nbHOCTb npoueccoe, npOlllCXOASl~lllX B 3TOA 

cxeMe nocne BK1ll0"10HlllSI lllCTO"IHlllKa aHOAHOro 

HanpSl)f(0HlllSI. 

K aToMy MOMeHTy KOHAeHcaTop C2 non
HOCTblO paapSl)f(0H, a OOTOMy npeACTaensieT AflSI 

nOCTOSIHHOrO TOKa KOpOTKOe aaMblKaHlll0. noc

ne BK1ll0"10HlllSI aHOAHOro HanpSl)f(0HlllSI B aHOA· 

HOA u,en111 nOT0"10T TOK, ecTeCTB0HHO, no KpaT

"laAweMy nYTlll, no uen111 Ha111MeHbwero conpo

rneneH111R - lfepe3 KOPOTK03aMKHYTblA KOH

A0HCaTop C2. npoTeKasi "lepe3 KOHA0HCaTOp, 

aHOAHblA TOK Ha"IH0T 3apSl)f(aTb KOHA0HCaTOp, 

cneAOBaTenbHO, Ha ero 06K118AK8X Ha"IH0T 803-

pacraTb noCTOSIHHoe Hanpsi)f(eH111e. 

'iepea KaKoe-TO epeMSI KOHA0HCaTOp nonHO· 

CTblO 3aPSIAlllTCSI, ASnbHeAw111A POCT HanpSl)f(0· 

HI/ISi Ha HeM npexpaTlllTCSI, Ill OH, KaK Ill nonO)f(0HO 

KOHAeHcaTopy e pe3oHaHcHOM KOHTYpe, Ha"IHeT 

pa3pSl)f(aTbCSI Ha KaTYWKY lllHAYKTlllBH0Cn1. 

TaK B03HlllKHeT nepeasi <1>a3a co6cTeeHHblX Kone6aH111A e KOHTYP9 c He1113~e)f(Hb1M111 
noTepsiM111 aMnnlllTYAbl Ha aKTlllBHOM conporneneH111111 KaTYWKlll. Ho, npoTeKasi "lepe3 Ka· 

TYWKY lllHAYKTlllBHOCTlll, pa3PSIAHblA TOK KOHA0HCaTopa C03AaCT B KaTYWKe CBR3111 L 1 Ha

B0A0HHYIO 3,D,C, <1>a3y KOTOpoA Mbl M0)1(0M no co6CTB0HHOMy yCMOTPeHllllO CAenaTb co

BnSAalO~eA 111n111 npOTlllBOnOnO)f(HOlii <l>a3e co6CTB0HHblX Kone6aH111A B KOHTYpe, npocTO 

noMeHsie MecTaM111 BblBOAbl KaTYWKlll L 1. 
A aMnnlllTYAY STOA HaeeAeHHOA 3,D,C c noMO~IO noTeHu,1110MeTpa R1 Mbl MO)f(eM 

TaK)f(e np01113BOnbHO ycraHOBlllTb nio6oA B lllHTepeane OT Hynsi AO MaKClllMyMa. Ill ecn111 

Tenepb 3TY 3,D,C nOASTb Ha C0TKy TPlllOA8, TO, 6YAY"l111 yc111neHHOA lllM, 3Ta 3,D,C eepHeT

CSI B Kone6aTenbHblA KOl-ITYP B Hy>KHOA HaM <l>a3e Ill Hy>KHOA aMnnlllTYAbl, "IT06bl nonHOC

TblO CKOMneHc111poeaTb H0111360)f(Hble n0Tep111 B KOHTYpe. B peaynbTaTe pa3 B03HlllKwee 

Kone6aH111e CTaHeT HeaaTYXalO~~M. a B0Cb KaCK8A npeepaTlllTCSI B reHepaTop He3aTYXa

IO~lllX Kone6aH111A c caMOB036}')f(AeHlll0M. 

OcTaeTCSI TOnbKO A06aBlllTb, "ITO "laCTOT~ 3TlllX KOne6aHlllA 6YA0T OAH03Ha"IHO onpe

A0nSITbCSI napaMeTpaM111 peaoHaHcHoro KOHTYPa - lllHAYKTlllBHOCTblO KaTYwK111 111 eM

KOCTblO KOHA0HCaTopa. 

8bl6111pasi CTeneHb o6paTHOA CBSl3111 (T. e. aMnnlllTYAY ClllrHana Ha C0TK0 naMnbl) cne
AY0T noMHlllTb, "ITO np111 CnlllWKOM MMOA eenlll"llllH0 ClllrHana KOMneHCaL\lllSI noTepb B 

KOHTYP0 M0)1(0T OKaaaTbCSI H0AOCTaTO"IHOA, Ill B03HlllKW1110 KOne6aHlllSI 6YAYT 3aTYXa

IO~lllMlll. 

A np111 6onbwoA o6paTHoA cesi3111 pa6o"l111A y...acToK xapaKTep111cT111K111 naMnbl 6yAeT 

aaXOAlllTb B o6naCTb eepxHero aar1116a, "ITO H0MlllHyeMo nplllB0A0T K lllCK8)1(0HllllO <t>opMbl 

reHep111pyeMblX Kone6aH1o1A. 

1113 CKa3aHHOro CTaHOBlllTCSI SICHO, "ITO AllSI nony"l0HlllSI ycTOA"llllBblX Ill B TO )1(0 epeMSI 

H0111CKa)f(0ttHblX Kone6aHlllA eenlll"llllHa o6paTHOA CBSl3111 AOn)f(Ha 6b1Tb Bb16paHa OnTlll

MMbHOA. 

Ho "ITO aHa"llllT om111ManbHOA? 3To 3Ha"llllT, "ITO oHa AOn)f(Ha OTBe"laTb ycnoe111siM cne
AYIO~ero COOTHOW0HlllSI: 

1 1 
Koc=-+--, 

µ SRH 

rAe µ 111 5 - nacnopTHble aHa"leH111S1 naMnb1; RH - nonHoe conpoT111eneH111e KOH'fVpa Ha 

"laCTOTe peaoHaHca. 
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B npoMblwneHHblX cynepreTepap,111HHb1x np111eMH111Kax Ha11160J1ee ... acTo ecTpe ... a10TCS1 
TPlll cxeMbl OTAeJ1bHb1x reTePOAlllHOB, 1113eecTHble cpeA111 cneu.111an111cToe no 111MeHaM 111x 
C03A8TeJ1eiii: cxeMa MeiiicHepa, cxeMa XapTnesi 111 cxeMa /J,oy. 

no cj>lll3111 ... 8CKOMy nplllHU.lllny lllX ew.e Ha3b1B8IOT CX8MaMlll C TpaHCcj>OpMaTOpHOiii 06-
paTHOiii CBSl3bl0, c lllHAYKTlllBHOiii •TpexTo ... Koiii» 111 c eMKOCTHOiii «TpeXTo ... KOiii». KmKAaR 1113 
HlllX lllM88T CBOlll AOCTOlllHCTBa Ill HeAOCTaTKlll, no3TOMY Bb160p TOiii 111n111 lllHOiii cxeMbl ocy
W.8CTBnSl8T KOHCTPYKTOp, PYKOBOACTBYSICb B Ka>KAOM KOHKP8THOM cny-tae onpeAeJleH
HblMlll coo6pa>K8HlllSIMlll. 

B npeo6pa3oeaTeJ1S1x c coeMew.eHHblM reTepap,111HoM .. aw.a np111MeHsieTCS1 cxeMa re
TePOAlllHa «lllHAYKTlllBHaSI TpeXTo ... Ka», nOCKOnbKY OHa lllMeeT Ha1116onee npOCTYIO KOM
MYTaU.llllO np111 nepexoAe c OAHOro A111anaa0Ha Ha APYroiii. 

CxeMa c TpaHccj>opMaTopHoiii o6paTHOiii CBSl3bl0 np111eeAeHa Ha p111c. 31, cxeMa 
/J,oy (lllHAYKTlllBHOiii •TpeXTo ... K111») A/ISi naMnoeoro 111 nonynpoBOAHlllKoeoro TPlllOAOB -
Ha p111c. 32. 

I > 
8b1XOO"-

P111c. 32. reHepaTop c caMosoa6Y>KAeH111eM 
no cxeMe •lllHAYKTlllBHOA TPeXTO"IKlll» (cxeMa ,D,oy) 

CxeMa c «eMKOCTHOiii TpeXTo ... Koiii» cerOAHSI npaKT111 ... ecK111 no ... T111 He np111MeHsieTCS1 
(no KpaiiiHeiii Mepe e PBAlllOBe~TeJlbHblX np111eMH&11Kax 6b1Toeoro Ha3Ha ... eH111si). 

KpoMe Toro, H8AO lllMeTb B BlllAY ... TO ece CKa3aHHOe OTHOClllTCSI nlllWb K cxeMaM 
Ha AlllCKpeTHblX aKTlllBHblX sneMeHTSX - TpaH3111CTopax Ill P8AlllOnaMnax, TOrAa KaK B a6-
conlOTHOM 6onbWlllHCTBe coepeMeHHblX paA111onp111eMH&11KOB KaCK8Abl YB'-1, cMec111Tensi, 
OTAeJlbHoro reTepoA111Ha, a lllHOrAa 111 ecero P8AlllOTpaKra, BKnlO ... asi Yn'-1, AeTeKTop c111r
Hana 111 cxeMy APY, BbinonHS110TCS1 Ha OAHOiii o6w.eiii MlllKpocxeMe, nosToMy e STOM cny
... ae roeop&11Tb 06 OTAenbHblX KaCK8ASX He nplllXOAlllTCSI. 

BOT, no)l(anyiii, 111 see, .. To Heo6XOAlllMO 3HaTb Ha AaHHOM srane 06y-teH111S1. Ha caMOM 
Aene TeMa reHepaTopoe 3Ha ... 111TenbHO 6onee 06w111pHa 111 o6si3aTenbHO BKnlO ... aeT e ce6R 
TaK111e nOHRTlllR, KaK CTa6111n1113au,111S1 ... acTOTbl, aeTOnOACTPOiiiKa ... aCTOTbl, TepMOKOMneH
cau.111R yxo.Qa ... acTOTbl OT &113MeHeH111S1 TeMneparypbl, a TaK)l(e u.enbliii Knacc reHeparopoe 
Hec111Hyco111AanbHb1x c111rHanoe - MynbT111e1116paTopoe, 6noK1.i1Hr-reHepaTopoe 111 T. n., 
H8XOARW.lllX caMoe WlilPOKOe np111MeHeH111e B TaK Ha3blBaeMblX lllMnynbCHblX cxeMax -
B Te11ee1113opax, Bl/IAeOMarHlllTOcj>OHax. 

0AHaKO Ha ceroAHR Mbl ew.e He rOTOBbl K lllX oceoeHl.illO, TBM 6011ee ... ro 31111 CX8Mbl 
HaM B 611111>Kaiiiwee epeMR He nOH8A06SITCR. 
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Ha cerOAHSIWHeM npaKrn<1ecKOM aaHS1T111111 nonpo6yeM no6n111>1<e noaHaKOMlllTbCSI 
c:: npocTeliiw111M reHepaTopoM no cxeMe MeliiccHepa, np111<1eM A/ISi sToro He noTpe6yercsi 
C03AaBaTb Hl/l'lero HOBOro: B Ka'leCTBe reHepaTOpa 111cnonb3yeM OKOHe'IHbllii KaCKSA Y>l<e 
co6paHHoro naMnoeoro YHY no cxeMe p111c. 25. Mb1 TOnbKO eHeceM e ero cxeMy coeceM 
HeaHa<1111TenbHb1e 111aMeHeH111S1, nocne KOTOpb1x OK0!"0'1Hbllii KaCKSA YHY npeepaTlllTCSI 
B reHepaTOp 3BYKOBOlii 'laCTOTbl c caMOB036Y>1<AeH111eM, cxeMa KOTOporo np111BeAeHa Ha 
p111c. 33. 

CpaBHlllM ary cxeMy co cxeMolii p111c. 25. Bee 111aMeHeH111S1 CBOASITCSI K cneAyiow,eMy: 
1. JleBbllii (no cxeMe) KOH0U. KOHA0HCaTopa C3 HY>l<HO OTnaSITb OT BbJBOAa aHOAS 

TPlllOAS Ill np111naS1Tb K H0MY OTP030K 11130n111poeaHHOrO npOBOAHlllKa TaKOlii A/llllHbl, 'IT06bl 
OH AOTSIHyncsi AO BblBOAOB BTOPlll'IHOlii 06MOTKlll BblXOAHOrO TpaHccj>opMaTopa. 

2. napannenbHO BblBOASM BTOPlll'IHOlii 06MOTKlll HY>l<HO np111naS1Tb noTeHU.lllOMeTp c n111-
HeliiHOlii aae111c111MOCTblO (c aarnaeHoP1 6yKeolii A Ha KPblWKe Kopnyca), HOMlllHanbHasi ee
n111<1111Ha KOToporo npaKTlll'leCKlll He lllMeeT 3Ha'leHlllSI Ill MO>l<eT 6b1Tb Bb16paHa B w111po
KOM AlllanaaoHe-oT 1AO100 KOM. 

3. CpeAHllllii (nOABlll>KHbllii) BblBOA sToro noTeHu.1110MeTpa HY>l<HO aaaeMnlllTb, T. e. co
eA111H111Tb ero c KopnycoM (wacc111) yc111n111Tensi. 
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P111c. 33. reHeparop 3BYKOBOi.1 'laCTOTbl 

Ha 6aae OKOHS'lHOro KaCKaAa YH'-1 



,IJ,allbHeC1w111e A9"1CTBlllSI AOJl>KHbl ocyw,eCTBJlSITbCSI B TaKOC1 noclleAOBaTeJlbHOCTlll: 

4. Ocb noTeH1..t1110MeTpa ycTaHOBlllM np1116111113111TellbHO e cpeAHee no11p>KeH111e. 

5. BKlllO'llllM yc11111111Te11b 111 AaAlllM 11aMne nporpeTbCs:i. 

6. np111naS1HHblM K BblBOAY KOHA9HCaTOpa C3 npOBOAHlllKOM nOO'lepeAHO nplllKOC

HeMCSI K Kpa"1HlllM BblBOAaM noTeHLtlllOMeTpa R/J.05• B OAHOM 1113 ABVX no11o>KeH111"1 yc11111111-

Te11b 3areHep111pyeT Ha 3BYKOBOC1 'laCTOTe ( «3aB09T»). 

7. 8b1KJllO'llllM n111TaH111e YClllJ1111T911SI Ill np111nas:ieM npOBOAHlllK K Ha"1A9HHOMY BblBOAY 

noTeHLtlllOMeTpa, 06ecne<1111eaiow,eMy caMOB036y>KAeH111e yc11111111Te11s:i. 

8. CHOBa BKJllO'llllM n111TaH111e, Iii KaK TOJlbKO B03HlllKH9T reHepa1..tlllS1, noeepHeM OCb no

T9HLtlllOMeTpa B CAHO Ill B APYrOe Kpae111~e no11p~eH111e. B OAHOM 1113 HlllX reHepa1..tlilS1 npe

KpaTlllTCf! ( «COPB9TCSI»). 

9. noc11e 3TOro 0'19Hb M9AJ19HHO Ha'llllHaeM epaw,aTb OCp nOT9HLtlllOM9Tpa B CTOpo

HY cpeAHero no110>K9HlllSI. B KaKOH-TO MOM9HT reH~paLtlllSI CHOBa B03HlllKHeT. BOT 3TO ca

MOe no11mKeH111e OClll naTeHl,41110M9Tpa Ill 6yAeT COOTBeTCTBOBaTb OnTlllMallbHOMy KOSc!>

<1>1111..tllleHTY o6paTHOH CBSl3111. 

Tenepb ttacTYnaeT caMoe lllHTepecHoe: 111cc11eA0BaH111e pa60Tbl reHepaTOpa np111 1113-

MeHeH111111 B911111'1111H BXOASIW,lllX B Hero cxeMHblX 3119M9HTOB. 0AHaKO STY pa6oTy HaAO 

npoAenaTb caMocTas:iTe11bHO, 6e3 nOACKa3oK. Ma>KHO 11111wb HaMeKHyTb, 'ITO 1113MeHeH111e 

B9Jllil'llllH npaKTlll'l0CKlll ecex A9Ta119H KaCKaAa 6yAeT nplilBOAlllTb K TOMY 11111111 lllHOMY 1113-

M9H9HllllO <1acTOTb1 co6cTeeHHblX Ko11e6aH111H. A K KaKoMy 111MeHHO 1113MeHeH11110 - sTo 6y

AeT BlllAHO B npo1..tecce 3KCnep111MeHTOl3. 



TeopHH 

YpoK 1. nO!IYI1POBOLIHMKOBblE LlMO.llbl 
PA3fll1t./HOI'O HA3HA t./EHMH 

BOT Tenepb Mbl ennoTHYIO nOAOWnlll K 1113Y'leHllllO np111Hu.111noe pa60Tbl nonynpoBOAHlll
KOBblX np1116opoe. A 'IT06b1 3TO 111ay'leH111e crano coeceM Y>K npocTblM, noABeAeM HeKo
TOpb1e 111Tor111 111 CAenaeM B8)1(Hble BblBOAbl 1113 Toro, i.tTO Mbl oceo111n111 Ha nepeoM ypoKe 
npeAblAY~ero 3aHSITl/ISI. 

1. LllllCTblili 'leTblpexeaneHTHblili nonynpOBOAHlllK c A03111POBaHHOili np111MeCblO Tpex-
111n111 nSITlllBaneHTHOro 3neMeHTa npeepa~eTCSI B nonynpoBOAHlllK c npe111My~eCTBeH
HOili (311eKTPOHHOili 111n111 AblPO'IHOili) 3neKTponpOBOAHOCTblO, T. e. B nonynpOBOAHlllK 
n-T111na 111n111 e nonynpoBOAHlllK p-Tlllna. 

2. np111Hu.111n111anbHOe paanlll'lllle Me)l(Ay 3TlllMlll ABYMSI TlllnaMl/I nonynpOBOAHlllKOB co
CTOlllT B TOM, '!TO np111 B3al/IMOAeiliCTBllllll c np111no>KeHHblM 3neKTplll'leCKlllM nOTeHu.111anoM 
B OAHOM cny'lae BHYTPlll Tena nonynpoBOAHlllKa 6yAeT Ha6nlOA8TbCSI npe111My~eCTBeH
HOe nepeMe~eH111e 0Tp111u.aTenbHb1x 3neKTpOHOB, a e APYrOM cny'lae - nono>1<111TenbHb1x 
«AblPOK». 

Tenepb Mb1cneHHO npoeeAeM O'leHb nio6onblTHb1ili 111 KpailiHe B8)1(Hblili 3Kcnep111MeHT. 
803bMeM ManeHbKYIO KBaApaTHYIO 111n111 Kpyrnyio nnaCTlllHO'IKY 'llllCTOro repMaHlllSI Ill Ha ee 
noeepXHOCTb ennaBlllM COBC8M M8nlOC8HbKYIO KanenbKY pacn11aeneHHOro lllHAlllSI. Tex
Honorlll'l8CKlll 3TO He TaK Y>K cno>KHO, nOCKOllbKY lllHAlllili nerKo A1114>4>YHAlllPY8T B Teno 
repMaHlllSI, o6paaysi HeKOTOPYIO 30Hy, B KOTopoili aTOMbl 060111x·3118MeHTOB KaK 6bl nepe
MewaHbl M8>KAY co6oili. Ha p111c. 34,a 111306p8)1(eHa T8KaSI KOHCTPYKU.lllSI, a Ha p111c. 34,6 OHa 
>Ke np111eeAeHa e ycnoeHo-cxeMaT111'1ecKoM np8ACTaeneH111111. 

Ha npeAblAY~eM aaHS1T111111 Mbl ycTaHoe11111111, i.tTo lllHTeHc111eHoe 06paaoeaH111e nap 
3neKTpOH-AblPKa npOlllCXOAlllT B TOM cny'!ae, ecn111 Ka>KAblili aTOM np111MeCHoro 3neMeH
Ta OKPY>K8H '18TblpbMSI aTOMaMlll OCHOBHOro nonynpOBOAHlllKa, T. e. ecn111 aTOMbl np111Mec111 
pacnpocTpaHeHbl B Tene OCHOBHOro nonynpoBOAHlllKa paBHOMepHO. 

B HaWeM >Ke cny'lae (p111c. 34,a} OCB060>KA8Hllle 3neKTpOHOB Ill 06paaoeaH111e AblPOK 
B03MO>KHO TOnbKO B H8KOTopoili KpailiHe Y3KOili 30He HenocpeACTB8HHOro KOHTaKTa ABVX 
nonynpoBOAHlllKOB - B 30H8 I/IX B3alllMHOili A1114>4>Y3111111. 
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PMc. 34. nnocKocrHoi;i nonynpoeOAH"1KOBb1i;i AMOA: 

a - KOHCTPYKl..llllSI; 6 - ycnOBHO-cxeMaTlll'ISCKOe npe,o,craeneHlllS 

+ 

HKA 

l:!TO )l(e KacaeTCR OCHOBHoro «Tena» Kp111cranna repMaHlllR Ill 1<an11111 lllHAlllR, TO B HI/IX 

nOA06Horo npou.ecca He npol/ICXOAlllT, I/IX 3J19KTponpOBOAH0CTb OCTaeTCR AOBOJlbHO 

nnoxoi71, 111 sTo CBOAlllT Ha HeT Bee cneu.111cpwiecK111e oco6eHHOCT111 pa60Tb1 nonynpoBOA

HlllKOBoro np1116opa. VIMeHHO nOSTOMY Ha npaKTl/IKe nnaCTlllHY repMBHlllR CTpeMRTCR CAe

naTb KaK MO)l(HO 6onee TOHKOi71 (ee TOJ1U,.\lllHB 1113MepReTCR ASCRTblMlll 11111111 COTblMlll AO

JlRMlll MlllJlJllllMeTpOB), a Kannio lllHAlllR - npeA911bHO ManeHbKOi71. 

A Tenepb BHlllMaTenbHO paccMOTPlllM p111c. 34,6. Ha HeM np111 orpoMHOM yBe11111L1eH111111 

noKaaaH yaK111i7I y"laCTOK 30Hbl B3BlllMHOi71 A111¢cpya111111 060111x nonynpoBOAHlllKOB. lJ,eHT

panbHBR BepT111KanbHasi 11111H111si, A911Ru..\BR sry aoHy nononaM,- sTo rpaH111u.a HenocpeA

CTBeHHoro KOHTaKTa AByx nonynpoBOAHlllKOB. 

Ec11111 B9pHeMCR K p111c. 30, TO nerKO coo6pa3111M, "ITO cneBa OT 3TOi71 Jll/IHllllll B A111¢

cpy3HOi71 30He 6yAyT npeo6naAaTb 3119KTpOHbl, a CTBJlO 6b1Tb, 3Ta "IBCTb 30Hbl 6yAeT 

npeAcTaBnRTb co6oiii nonynpoBOAHlllK n-T111na, a cnpaBa OT norpaHlll"IHOi71 11111H111111 npe

lllMYu..\SCTBO 6yAeT Ha CTOPOHe AblPOK, T. e. 3Ta "laCTb 30Hbl 6yAeT RBJlRTbCR nonynpo

BOAHlllKOM p-Tlllna. CaMy )1(9 norpaHlll"IHYIO 11111H11110 np111HRTO Ha3blBaTb p-n (11111111 n-p) ne

pexQAOM. VI 111MeHHo B STOi71 yaeHbKOi71 30He nepexoAa npo111cxoART "IYA0CHble BeU,.\111, 111c

no11baoBaH111e KOTOpblX np111Beno K O"lepeAHOi71 peBOJllOU.111111 B PBAlllOTeXHl/IKe - C03ABHllllO 

MHOrO"llllCJ19HHblX TlllnOB nonynpoBOAHlllKOBblX np1116opoB. 

Ha BepxHeM 1113 Tpex p111cyHKOB 34,6 noKaaaHo npe111MyU,.\eCTBSHHoe paaMeU,.\eH111e 

CB060AHblX 3110KTPOHOB Ill AblPOK B 30He Alll¢cpya111111 np111 OTCyTCTBllllll 3119KTPlll"l9CKOro 

noTeHu.111ana OT BH0WHero lllCTO"IHlllKa. 

Ha cpeAHeM p111cyHKe BH9WHlllill lllCTO"IHlllK nOAKJll0"19H TaKolii nonsipHOCTblO, KOTOpasi 

OTpa)l(eHa 3Ha"IKaMl/I «+» Ill «-», 8 STOM cny"lae 3119KTPOHbl 1113 n-y"laCTKa ycTpeMRTCR 

K nOJ10)1(111T911bHOMY noniocy 6aTape111, o6pa3yR BO BH9WHei71 u.en111 HOPMBJ1bHbli71 sneKT

Plll"l9CKllllii TOK (T. e. noTOK sneKTpOHOB). 

0AHOBpeMeHHO 1113 npaBoi71 "laCTlll noroK AblPOK ycTpeMlllTCR K 0Tp111u.arenbHOMY no

niocy 6aTape111, 1113 KOTOporo HenpepblBHO 6YAYT nocrynaTb HSAOCTBIOU,.\1119 sneKTpOHbl, 

aanonHRIOU,.\1119 AblPKlll. VIHblMlll CJ10BBMlll, BO BH9WHelii u.en111 HlllKaKoro AB111)1(9HlllR AblpOK 

He 6yAeT, a 6yAeT npoTeKaTb HOpMBJlbHbllii nOTOK sneKTpOHOB: Ha cpeAHSM p111cyHKe 

cneBa HanpaBo. 
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KaKolll B8nl11"1111Hbl 6YA8T 3TOT TOK? STO 3aBlllClllT lllCKJ1IO"llllT8nbHO OT AByx cpaKTopoe: 

een111"1111Hbl np111no>KeHHoro HanpR>KeHlllR 111 sneKTponpoBOAHOCTlll n-p nepexoAa (111n111, 

"ITO TO >Ke caMee,- OT een111"1111Hbl ero conpoT111eneH111R). 

A T0n0pb noMeHReM nonRpHoCTb BHewHero 111cTO"IH111Ka 111 nocMoTplllM, "ITO 6yA8T 

npOlllCXOAlllTb B 3TOM cny"lae (Hlll>KHllllll p111cyHOK). B HOBOlll ClllTYa1.t111~ HanpaeneH111e ABlll

>K8HlllR Ill sneKTpOHOB Ill AblPOK noMeHReTCR Ha o6paTHOe, T. e. OHi/i Ha"IHYT YAanRTbCR 

APYr OT Apyra, ocTaenRR nocne ce6R HeK0Topo0 npocTpaHCTBO (3awTp111xoeaHHOe 

Ha p111cyHKe), rAe HeT Hiii CB060AHblX sneKTPOHOB, Hiii CBOl50AHblX AblPOK, a nOTOMY 

HEsneKTponpOBOAHOe. A 3To 03Ha"laeT, "ITO norpaHlll"IHaR 30Ha KaK 6b1 «pa3Mb1KaeT» 

BH8WHIOIO 1.tenb, AenaR HeB03MO>KHblllil npoTeKaHllle B Heiil 3neKTplll40CKOrO TOKa. 

Bnpo"leM, Han111"1111e, OTCYTCTB111e 111n111 nonRpHOCTb np111no>K0HHoro ei-lewHero HanpR

>KeH111R He MO>KeT nOBJllllRTb Ha caMonpOlll3BOnbHOe HenpepblBHOe o6pa30BaH111e HOBblX 

nap sneKTpoH-AblpKa e 30He A111<t>cpy3111111, nosTOMY 30Ha nepexoAa B nio6oM cny"lae 6y

AeT o6nSAaTb HeKoTopoiil, XOTR Ill O"leHb He3Ha"llllTenbHOiil, sneKTponpoBOAHOCTblO. TaK 

"ITO Ill BO BTOPOM cny"lae BO BHeWHeiil 1.ten111 MO>KHO Ha6n10AaTb HeKOTOjlbllil TOI< o6paTHO

ro HanpaeneHlllR, XOTR ero eenlll"llllHa 6yAeT B TblCR"llll pa3 MeHbWe TOKa B npRMOM 

HanpaeneHllllll, "ITO OT06pa:>KeHO ABYMR np1116opaM111 cnpaea OT p111cyHKOB. 

STo Hlll"lero He HanoM111HaeT? Mb1 epOAe 6b1 Y>Ke CTanK111ean111cb c KaK111M-TO np11160-

poM, KOTOpbllil O"leHb xopowo npOBOAllln sneKTplll"leCKllliil TOK B OAHOM HanpaeneHllllll 

Ill COBC8M He npoBOAllln ero B o6paTHOM HanpasneHllllll. 

Hy KOHe"IHO >Ke, 3TO 6b1n naMnoebllll AlllOA. A 3Ha"llllT, MO>KHO paccMarp111eaTb nnac

TlllHKY repMaHlllR co BnnaeneHHOlll KanenbKOiil lllHAlllR K8K nonynpoBOAHlllKOBbliil AlllOA. 

Ill COBCeM H8Ba:>KHO, "ITO B OTnlll"lllle OT llaMnoeoro AlllOAa B HSM HeT cneu,111anbHOrO «ro

pR"18rO» lllCTO"IHlllK8 CB060AHblX sneKipOAOB - KaTOAa. 15onee Toro, Sta KaK pa3 ~eiisi
eTCR orpOMHblM npel.1MYUJ,8CTBOM nonynpOBOAHlllKOBoro AlllOAa, noCKOnbKY Ms:i Hero 

He Tpe6y0TCR AOnonH111TenbHOiil 111 60cnone3H0171 aaTpaTbl sn0KTposHepr111111 Ha noAorpee 

KBTOAa. 

np1116n1113111TenbHO TaK, KaK 3TO noKa3aHO Ha p111c. 34,a, Ill ycTpoeH npaKTlll"l8CKlll TSK 

H83b1Ba8Mbliil nnocKOCTHoiil nonynpoBOAHlllKOBb1t1 AlllOA. TaKoe HaaeaH111e OH nony"l111n OT 

Toro, "ITO KOHTaKTHaR nnow.aAKa ABYX MaTep111anoe aaHl/IMaeT onpeAeneHHYIO "18CTb 

nnocKocT111 repMaH111eeoiil nnaCTlllHbl. C OAHOiil CTopoHbl, 3TO xopowo. Eion0e Toro: "leM 

60nbW8 3Ta nnocKOCTb, TSM 6onbwet1 eenlll"llllHbl npRMOiil TOK BblAeP>KlllBSeT AlllOA. STO 

noaeonReT Ha nnoCKOCTHblX AlllOABX A8n8Tb BblnpRMlllTen111, AOnycKalOUJ,1118 BblnPRMn8H

Hble TOKI/I e eA~Hlllltbl 111 Aa:>Ke AeCRTKlll aMnep. C APYroiil CTOPOHbl, 6onbwaR nnow,BAb 

KOHTaKTHOiil nnOUJ,SAKlll Ill O"leHb ManaR TOnUJ,lllHa p-n nepeXOAa AenalOT BeCbMa 3Ha"llll

TenbHOiil co6CTBeHHylO eMKOCTb T8Koro 'AlllOAa, "ITO Ha npaKTlllKe orpaHl/l"ll/IBaeT o6naCTb 

np111M0HeH111R nnocKOCTHblX AlllOAOB Alllana30HOM aeyKoBblX "ISCTOT. 

Srnro HeAOCTaTKa n111weHbl TSK H83btBaeMble TO"le4Hble AlllOAbl, y KOTOpblX po!lb 

ernporo sneKTPOAa BblnoniiRer He KannR pacnnaeneHHoro nonynpoBOAHlllKa-np111Mec111, 

a ocrp1110 ocTpo aaTo"leHHoro npoBOAHlllKa. B 3TOM cny"!ae nnow,SAb, a crnno 6b1Tb, 

Ill co6CTB8HHaR 8MKOCTb TSKoro nepeXOAa CTaHOBlllTCR Hlll"ITO>KHO Manot1, HO OAHOBp8-

MeHHO pe3KO CHlll>K88TCR npeA8nbHO AOnyCTlllMSR eenlll"llllHa TOKa, npoXOARUJ,ero "lepea 

MeCTO KOHTaKTa. 

nosTOMY MR C03AaHlllR MOW,HblX BblnpRMlllTen0iil 111 B 1.t8nRX 3BYKOBOiil "18CTOTbl 06bl"l

HO 111cnonb3YIOT nnOCKOCTHble AlllOAbl, a MR A8TeKTlllPOB8HlllR BblCOKO"l8CTOTHblX (pa

AlllO"laCTOTHblX) ClllrHanoB 111cnonb3ylOT lllCKJllO"llllT8nbHO TO"le"IHble AlllOAbl. 

Mbl Y>Ke OTMeT111n111, "ITO B OTnlll"ll/le OT naMnoeoro nonynpOBOAHlllKOBbliil AlllOA XOTR 

Ill KpaiilHe He3H8"1111TenbHO, HO see >Ke npoBOAlllT TOK B (<o6paTHOM» HanpaeneHllllll. OH T8K 

Ill Ha3bJBaeTCR: o6paTHbliil TOK AlllOAa, Ill 0ro 3H8"18Hlll8 RBnR8TCR o6R3aTenbH0171 nacnopr

H0171 eenlll"llllH0171, np111BOAlllMOiil BO ecex cnpaBO"IHl/IKax. KpoMe Toro, 0cn111 Tbl nOMHlllWb, 

co6CTBeHHOe BHYTPeHH88 conpoT111BneH111e nio6oro nonynpOBOAHlllKa B OTnlll"IJ/18 OT Me

Tannoe Ill pe3i.tCTOpOB c yee11111"18Hi.teM reMneparypbl yMeHbWaeTCR, "ITO nplllBOAlllT 

106 



K yeen111YeH11110 o6paTHoro TOKa. STY oco6eHHOCTb ecerAa cneAyeT ~Metb e BlllAY. no

CKonbKY np111 pa6oTe B cxeMax MOll.IHbJX BblnPSIMlllTene~ np111 TOKax nOPS!AKa 20 ... 30 A 
TeMnepaTYpa p-n nepexoAS y AlllOAS MO)l(eT np1116n111)1(aTbCSI K 100 °C, a eenlllYlllHa 06-
paTHoro TOKa AOCTl/lraTb H0CKOnbKlllX M111nn111aMnep. 

Ill e111e OAHa cy111ecTeeHHasi AeTanl::i. np111 yeemNeH111111 np111no)l(eHHdro K AlllOAY •06-

paTHoro» (3an111paio111ero) Hanpsi)l(eH111si een111Y111Ha o6paTlioro TOKa eHaYane eo3pacTaeT 

OY8Hb He3HaYl/ITenbHO, HO no AOCTlll)l(eHllllll HeKOTOporo KPlllTlllYecKoro 3HaYSHlllSI HaYlll

HaeT 6b1CTPO eo3pacTaTb AS)l(e 6e3 AanbHe~wero yeen111YeH111si np111no)l(0HHoro Hanpsi

)l(eH111si, YTO nOYTlll cpa3y nplllBOAlllT K Heo6paTlllMOMY npo60IO AlllOAS. 3TO sieneH111e xo

powo BlllAHO 1113 rpacj>111Ka Ha p111c. 35 (neeasi eeTBb xapaKTep111cT111K111). 

BnpoYeM, cy111ecTeyeT AOBonbHO 6onbwasi rpynna AlllOAOB oco6oA KOHCTPYKL.1111111, 

HOpManbHaSI pa6oTa KOTOpblX npOlllCXOAlllT KaK pa3 Ha YYSCTKe A-5 np111 nOASYS Ha HI/IX 

HanpS1)1(8HlllSI «o6paTHOA» nonsipHOCTlll. 1113 rpacj>111Ka BlllAHO, YTO np111 1113MeHSHllllll o6paT

HOro TOKa Yepe3 AlllOA BABOe HanpS1)1(eH111e Ha HeM nOYTlll He M8HSl8TCSI, a OCTaeTCSI CTa-

6111nbHblM. 3TO CBOACTBO no3BOn~eT 111cnonb30B8Tb TaKllle AlllOAbl B KaYeCTBe CTa6111n111-

38TOPOB Hanpsi>1<eH111S1 nOA06Ho ra3oHanonHeHHblM naMnOBblM cTa6111n1113aTopaM. TaK111e 

AlllOAbl o6pa3ylOT 6onbWYIO rpynny CTa6111n111TpOHOB. 

0 CTa6111n111TpOHax lllM08T CMblCn noroeoplllTb HSCKOnbKO nOAP06Hee, nOCKOnbKY 

B AMbH8~W8M nplllAeTCSI OY8Hb YaCTO lllCnOnb30BaTb I/IX B CBOlllX KOHCTPYKl..llllS!X. np111-

rnS1AlllMCSI K yYaCTKY A-5 neeoA eeTe111 eonbT-aMnepHo~ xapaKTep111cT111K111 AlllOAS 6onee 
BHlllMaTenbHO. nYTeM COOTBeTCTBYIOll.10rO nOA60pa npo1..1eHTHOrO COAep>KaHlllSI nf'lll· 

MeceA Ill KOHCTPYKL.1111111 nepexOAa YAaSTCSI cy111ecTB8HHO paCWlllPlllTb eenlllYlilHY 3Toro 

YYSCTKa xapaKTSPlllCTlllKlll, TaK YTO 3TOT yYaCTOK CTSHOBlllTCSI TaKlllM, KaK 3TO 111306pa>KeHO 

Ha p111c. 36. 
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n0Aaem11ow.ee t5011bWHHCTeo coepe
MeHHblX CT86"1/1"1TPOHOB "13rOT8B/1"1B8IOT 

Ha OCHOBe He repMaHHSI, a KpeMHHR: OH"1 

"1M0IOT 11Y"IW"10 T0MneparypHb10 xapaKTe

PHCT"1K"1 "1 nOTOMY AOnycKalOT 60/1bW"10 

3Ha"l0H"1SI TOKa. 3TO n03B0/1S10T C03A8BaTb 

CTa6"111"1TPOHbl Ha HanpR>K0H"1SI nopRAKa 

H0CK0/1bK"1X COT0H BO/lbT npi.1 AOCTaTO"IHO 

WHPOKOM AHanaaoHe K011e6aH"1j.:i Hanpsi

>K0H"1SI H0CTa6"111bHOrO "1CTO"IH"1Ka. 
Ha pHc. 37 noKaaaHbl "10Tb1pe HaH6011ee 

pacnpocTp8H0HHbl0 CX0Mbl "1Cn0/1b30B8-

H"1SI no11ynpOBOAH"1KOBblX CTa6"111"1TPOHOB 

e caMblX paa111.1"1Hb1x PSAHOTexHH"leCKHX 

YCTpoj.:lcTeax. 3aMernM, "ITO OH"1 0"10Hb 

611HaK1.1 K cxeMaM BK11I0"10HHR raaopaapRA-

HblX CTa6"1/1"13aTopoe HanpS1)1(0H"1SI, KOTO-
P111c. 36. BonbT-aMnepHaA xapa1<Tep111CT1111<a pbie Mbl noAP06Ho paccMaTpHBa/1"1 Ha "10T-

CTa6111n111TpOHa 
eepTOM 38HSIT"1"1. 

CxeMa Ha pHc. 34,a - caMasi npocTasi. BenH"IHHa conporne11eHHS1 orpaHH"l"1T011b

Horo P03"1CTOpa Bbl6HpaeTCSI raKoj.:i, "IT06bl 06111Hj.:i TOK B nOC/10AOBaT0/1b~Oj.:i i..tenH 6bl/1 

paeeH cpeAHeMy aHa"leHHIO nacnopTHoro TOKa CTa61.111mpoHa. K np1.1Mepy, npH Heo6xo

AHMocrn no11y"l"1Tb cra6"111bHOe HanpS1)1(0H"10 B 9 B OT 12-BO/lbTOBOro aKK}'MYllflTOpa "111"1 

BblnpRM"1T0/1SI "1 "1Cn011b30B8H"1"1 9-BO/lbTOBOro CTa6"111"1TPOHa rnna ,D,8146, "1M010ll.10rD 

3H8"10H"1SI M"1H"1MaJlbHOrO "1 MaKC"1MaJlbHOro TOKa CT86"111"138!..t"1"1 COOTB0TCTB0HHO B 3 "1 

36 MA, pac"leT ee11H"l"1Hbl orpaHH"IITT011bHoro peaHcTopa Bb1rnS1AHT TaK: 

'MJllH + 'MAl<C = 3 + 36 = 39 MA; 

Rorr> = U111CT 1~Uc:rAS - 11~~: =150 OM (oKPyrneHo); 

P = PR= 0,022 • 150 = 0,06 BT 

"111"1 (AS*e c y"leToM Heo6xoAHMocrn ABOj.:IHoro aanaca) nopf1AK8 0, 12 BT. 

+ Ra11p. + ROllp. Raa6. 

Eucm. Ecma6. Eucm. RHa11p. 
Ecma/!J. 

RNBlp. + 

a) 6) 

+ Razp. + + Razp. r Ra11p. 2 

Eucm. Ecma6. Eucm. t,ma/!J 

RHQ/l{l 

+ 

B) r) 

P111c. 37. T111noeb1e cxeMbl BK1110"leH11A cTa6111n111rpoHoe 
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OYeHb YaCTO Ha npaKTlllKe B03HlllKaeT C1111)1Sl..llllR, KOrAS CTa6111mrrpoHa Ha TOYHO HY*

HOe 3HaYeH111e HanpsnKeHlllR HST. B 3TOM cnyyae MO>KHO 111cnonb30BaTb CTa6111n111TpOH 

Ha 6n111>1<aHwee 6onbwee Hanpst>KeH111e cTa6111n1113a1..1111111 111 napannenbHO cTa6111n111TpoHy 

BKnlOYlllTb 06blYHblH pe3111CTlllBHblH Aen111Tenb, KaK 3TO nOKa3aHO Ha p111c. 37,6. B 3TOM 

cnyYae np111 pacYeTe een111Y111Hbl orpaHlllYlilTenbHOro pe3lilCTopa 06~111H TOK B 1..1en111 HSAO 

onpeAenstTb KaK cyMMY cpeAHero TOKa yepe3 cra6111n111TpoH Iii TOKa, noTpe6nsteMoro AS

n111TeneM. 

KaK Ill B cnyyae ra30BblX CTa6111nlil38TOPOB nonynpoBOAHlllKOBble CTa61i1n111TpOHbl AO

nycKalOT nocneAOBaTenbHOe coeA111HeH111e OP,HOTHnHblX AlilOAOB. B STOM cnyyae cpeA

HlllH TOK CTa6111n1113a1..1111111 OCTaeTCSI paBHblM cpeAHeMy TOKY OAHOro CTa61i1n111TpOHa, 

a o6~ee CTa6111n1113111poeaHHoe Hanpst>KeHlile CTaHOBlllTCst paBHblM cyMMe cra6111n1113111po

eaHHblX Hanps:i>1<eH111H ecex nocneAOBaTenbHO BKnlOYeHHblX cra6111n1itTpoHoB. PacYeT or

paHlllYlilTenbHoro pe3111CTOpa B 3TOM cnyYae TOYHO TaKOH >Ke, KaK Ill AnR cxeMbl p111c. 37,a. 
VI, HaKOHeL.1, nocneAHRSI cxeMa (PlllC. 37,r) npeACTaBnsteT co6oH TaK Ha3blBaeMblH 

AByxcryneHYaTblH CTa61i1n1113aTOP Hanpst>KeHlllSI. Ero CYTb COCTOlllT B TOM, YTO BTOPOH 

cra61itn111TpOH nOAKnlOYeH He HenocpeACTBeHHO K lilCTOYHlllKY Hecra6111nbHOro Hanpst>Ke

HlllR, a K «npeABap111TenbHOMY» CTa6111n1113aTopy Ha cra6111n111Tp0He c 6onbWlllM HOMlllHanb

HblM Hanpst>KeH111eM cra6111n1113a1..1111111. 

nplil TaKOM BKnlOYeHllll.1 o6~111H K03cj>cj>1111..1111eHT CTa6111n11138l..lllllil BC0H cxerbl paeeH 

npo1113eeAeH11110 Kos<1><1>1111..1111eHTOB cra6111n1113a1..11111i1 060111x cra6111n111Tp0Hoe. VIHblMlll cnoea

Mlll, ecn111 Ka>KAblA CTa6111n111TpOH B OTAenbHOCTlll yMeHbwaeT Hecra6111nbHOCTb BblXOAHOro 

Hanps:i>KeHlllSI no OTHOWeHllllO K HeCTa6111nbHOCTlil Hanpst>K0HlllSI lilCTOYHlllKa B 10 pa3, TO 

o6~st Hecra6111nbHOCTb Ha Harpy3Ke yMeHbWaeTCSI B 10. 10 = 100 pa3. 

06~1i1M H0AOCTaTKOM n1060A 1113 YeTblpex np111BeAeHHblX cxeM stBnstlOTCSI He11136e>K

Hb1e AOnonH111TenbHble n0Tep111 3Hepr111111 Ha caMlllX CTa6111n111TpOHax Iii pe3111CTlllBHblX ASnlll

Tenstx. Oco6eHHO een111K111 3Tlll n0Tep111 e nocneAHeA cxeMe, rAe OHlll Moryr oKa3aTbCst 

COlll3Mep111Mb1Mlil c none3HOH noTpe6nsteMOH MO~HOCTblO caMoro ycTpOACTBa (Hanp111-

Mep, SKOHOMlilYHOro «KapMaHHoro» paA111onp1iteMH111Ka 111n111 nneepa). 3To o6cTOstTenb

cTeo Heo6xOAlllMO ~lilTblBaTb np111 peweH111111 np1i1MeHlilTb TY 111n1i1 111Hy10 cxeMy CTa6111n1113a-

1..1111111 Hanpst>KeH111st. 

K AOCTOlllHCTBaM paCCMOTpeHHblX cra61i1nlil3aTOpOB cneAyeT OTHeCTlil Iii TO, YTO B c111ny 

cne1..1111<1>111K111 pa6oTbl 0H111 He TOnbKO CTa6111n1113111py10T pa6oYee Hanpst>KeH111e no een111Y111He, 

HO Ill OYeHb cy~eCTB0HHO CHlll>KalOT eenlilYlllHY nynbCaU,lllH Ha BblXOAe BblnpstMlllTenst, 

nocKOnbKY TaKllle nynbca1..11111i1 eocnplllHlllMalOTCR cxeMOH KaK 06blYHble Kone6aHlllSI Hanpst

>KeHlllR lllCTOYHlllKa. 

nosTOMY OY8Hb YaCTO (B OCHOBHOM nplil ManblX TOKaX Harpy3Klll) 0Tna,Qa8T HS06XO

AlllMOCTb B lllCnOnb30BaHllllll KOHAeHCaTopa <1>111nbTpa 6onbWOH 8MKOCTlll. 

Bee CX8Mbl co CTa6111n111TpOHaM111 lilCnOnb3ylOT B KaYeCTBe pa60Yero yYaCTKa He6onb

WYIO YaCTb BOnbT-aMnepHOH xapaKTeplllCTlllKlll o6paTHOro TOKa Ha rpaH1111..1e 30Hbl npo-

6ost. VIMeHHO n03TOMY I/IX nOAKnlOYalOT K lllCTOYHlllKY B o6paTHOH nonstpHOCTlll, T. e. KaK 

6bl nepeeepHyrblMlll. KcraT111 roeopst, np111 «HOpManbHOM», npstMOM BKn10YeH111111 n1060H 

CTa6111n111TpOH BeAeT ce6st KaK «06blYHblH» AlllOA. 

0AHaKo cy~eCTByeT AOBOnbHO 6onbwast rpynna cne1..1111anbHblX AlllOAOB, npeAH83Ha

Y8HHblX AnR CTa6111n1113a1..11111i1 Hanpst:>KeHlllR, KOTOPble pa6oTalOT nplil «npae111nbHOM», 

T. e. npstMOM BKnlOYSHllllll. B OTnlllYllle OT CTa6111n111TpOHOB TaKlile np1116opb1 Ha3blBalOTCR 

cccra6111CTopaMlll». '"IT06bl nOHSITb, KaK OHi/i pa60TalOT, eepHeMCSI K p111c. 35 Ill o6paTlllM BHlll

MaH111e Ha npaeylO BSTBb xapaKTeplllCTlilKlll. 1113 Hee Bl/IAHO, YTO np111 lil3M8H8Hllllll npstMOro 

Hanpst>KSHlllR ecero Ha 0,5 B TOK Yepe3 AlllOA B03pacTaeT OT 5 AO 15 MA, T. e. B 3 pa3a. 

A B cne1..1111anbHO CKOHCTpy111poeaHHblX CTa6111cTopax 3TO COOTHOW8Hlll8 B03pacTaeT B8Cb

Ma cy~eCTBSHHO, T. e. np111 M8HbW8M yeenlilYSHllllll npstMOro Hanpst>KSHlllSI npstMOA TOK 

B03pacTaeT e~e 60nbW8. CxeMbl BKnlOYSHlllR CTa6111CTOPOB HlllYSM He OTnlllY8IOTCSI 

OT cxeM co CTa6111n111TpOHaM111, 38 lllCKnlOY8H1118M nonstpHOCTlll BKnlOYSHlllSI AlllOAa. 
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B OTnlll"lllle OT naMnOBblX nonynpOBOAHlllKOBble AlllOAbl lllMelOT ropa3AO 6onee WlllpO

Kllliii accopTlllM0HT He TOnbKO no pa3HblM 3110KTPlll"leCKlllM napaMeTpaM, HO Ill - "ITO ro

P83AO 6onee Ba>KHo - no 06nacTS1M np111MeHeH111R e sneKTpoHHb1x cxeMax. 

"1nniocrpa1.t111eiii K STOMY MO)l(eT cnY*lllTb npocTOe nepe"l111cneH111e 1.t0nb1x rpynn AlllO-

AOB, cne1.4111anbHO npeAHa3Ha"leHHblX AflR Tex 11111111 lllHblX cxeM: 

1. Jl.lllOAbl BblnpRMlllTenbHble MMOMOIJ.IHbl0 (Ha TOKI/I AO 1 A). 
2. ,lJ,lllOAbl BblnpRMlllTenbHble cpeAHeiii MOll.IHOCTlll (Ha TOKI/I 1 ... 10 A). 
3. ,lJ,lllOAbl BblnpRMlllTenbHble MOll.IHble (Ha TOKI/I B AeCRTKlll aMnep). 

4. ,lJ,lllOAbl MOll.IHble BblCOKOBOnbTHble (Ha TOK CBblWe 30 A nplll HanpR>K0HlllRX 

AO 1500 B). 
5. ,lJ,lllOAbl lllMnynbCHb10. 

6. A1110Ab1 TYHHenbHble·yc111n111TenbHble. 

7 . .QlllOAbl TYHHenbHble reHepaTOPHble. 

a. ,lJ,lllOAbl TYHHeJlbHble nepeK1110"laTenbHb1e. 

9. ,lJ,lllOAbl 06pa111eHHble nepeK1110"laTenbHble. 

10. CTa6111n111TpoHbl. 

11. CTa611lCTOpbl. 

12. Bap111Kanb1. 

13. CBY AlllOAbl cMec111Te11bHb1e. 

14. CBY AlllOAbl A0T0KTOPHble. 

15. CBY AlllOAbl napaMeTp111"1eCK111e. 

16. OBY AlllOAbl nepeK1110"laTenbHb1e. 

17. CB'-1 AlllOAbl orpaH111"1111TenbHble. 

18. CBI.I AlllOAbl yMHO)l(lllTenbHble. 

19. CB'-1 AlllOAbl reHepaTOpHble. 

20. CeeTOAlllOAbl. 

21 . Cl>OTOAl.10Abl. 

22. ,lJ,lllQAbl-lllHAlllKaTopbl lllOHlll311lPYIOll.10ro 111any...eHlllR. 

0AHaKO 1113 ecero 3TOro MHOroo6pa311lR Ha ypoeHe Haweiii ceroAHRWHeiii nOArOTOBKlll 

T06R MOryT lllHTepecoeaTb, nOMlllMO Y*e paCCMOTpeHHblX BblnpRMlllTeneiii Ill CTa611111111T

POHOB, ABa BlllAB Al.10AOB: eap111Kanbl Ill CB0TOA1110Abl, c KOTOpblMlll Mbl ceiii"laC Ill n03H8KO

MlllMCR no6nlll)l(8. 

KorAB Mbl roeop111n1.1 0 nnocKOCTHblX AlllOAaX, TO OTMeTlllnlll B K8"1eCTBe OAHOro 1113 I/IX 

HeAQCT8TKOS H81111l"llll0 AOBOnbHO 6onbWOiii co6CTBeHHOiii eMKOCTlll p-n-nepeXOA8, orpa

Hlll"llllBa10111eiii 111cnonb30BaH111e AlllOAOB o6naCTblO 3BYKOBblX "18CTOT. 

0AHaKo OK838110Cb, "ITO 3TOT «HeAOCTaTOK» MO)l(HO O"leHb BblrQAHO 111cnonb3088Tb Ha 

npaKTlllKe B COBCeM lllHOiii o6nacrn. 6onee Toro, KOHCTPYKTOPbl Hay"llllnlllCb lllCKYCCTB0H

HO 3Ha"llllT0nbHO yeenl.1"111188Tb 3TY eMKOCTb. c K8KOiii 1.tenblO? '-IT06bl OTB0TlllTb Ha 3TOT 

eonpoc, cneAyeT 3HaTb, lffO B npo1.tecce 3KCneplllM8HTOB 0 AlllOABMlll BblRCHlllnOCb, "ITO 

co6CTB0HHaR 0MKOCTb AlllOAB He TOnbKO onpeAenReTCR nnOll.ISAblO KOHTaKTa ABYX 

CTPYl<TYP Ill ron111111Hoiii nepeXOAB, HO nplll 3TOM lll3MeHReT CBOIO eenlll"llllHY B 38Bl.1ClllMO

CTl/l OT eenlll"llllHbl np111nO)l(8HHOro BHewHero HanpR>KeHlllR. 

"1Ha"le roeopR, lll3MeHRR np111no)l(eHHOe K AlllOAY nOCTORHHOe HanpR>K0Hlll0, MO>KHO 

e HeKoTopblx npeAenax 111aMeHRTb ero eMKOCTb. A ecn1.1 TaKoiii AlllOA nQAK1110"llllTb K peao

HaHcHoMy KOHTYPY BMeCTO nepeMeHHoro KOHAeHcaTOpa, MO)l(HO lll3M0HRTb "laCTOTY Ha

CTpOiiiKlll KOHrypa c noMOlllblO ... 06blKHOB0HHOro nOT0H!.tlllOM0Tpa, nOAKJllO"leHHOro K lllC

TO"IHlllKY nOCTORHHOro HanpR)l(eHlllR. 

TaK n0Re111nacb 1.4e11aR rpynna nonynpoBOAHlllKOBblX AlllOAOB nOA 06111111M HaaeaH111eM 

BSPlllKBnbl, "ITO B AOGnOBHOM nepeBOAe o603HB"laeT lll3MeHR0MYIO 0MKOCTb. c nOMOll.lblO 

oc06blx TexHonorniii 111 np111 111cnonbaoeaH111111 onpe,qeneHHblX nonynpoBOAHlllKOBblX 111 np111-

M0CHblX M8Tep111anoe YAanOCb C03A8Tb eaplllK8nbl, 0MKOCTb KOTOpblX lll3M0HRnacb B Wlll

POKlllX npeAenax KaK no a6con10THOiii een111"1111He, TaK 111 no Kos<t><t>1111.t111eHTY nepeKpblTlllR 
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(T. e. no OTHOW0Hlr1IO M8KClr1M0nbHOiii eMKOCTlr1 K Mlr1Hlr1M0nbHOiii). 8 K8'40CTBe np1r1MepoB 

MO>KHO H83BaTb C110AYIOW,lr10 OT0'40CTB0HHbl0 Bap1r1Kanb1 (Ta611. 4). 

Ta6111r11.ta 4 

T111n Ha'IMbHaR lr13MeHeH111e Ko34>4>1111.1111eHT 
eap111Kana eMKOCTb, nCI> HanpRlKeHMR, B nepeKpbl'l't.IR 

KB122B 1,9 ... 3,1 3 ... 25 4 ... 6 

KB109B 8,0 ... 16 3 ... 25 4 ... 6 

KB134A 18 ... 22 1...10 2 

KB117A 26 ... 39 3 ... 25 5 ... 7 

KB132A 36 ... 38 2 ... 5 3,5 

KB119A 168 ... 252 1...10 18 

KB127r 230 ... 320 1 ... 30 20 

A BCero Ha cerQAHR o6w,ee '41r1Cl10 OCB00HHblX npOMblWl10HHOCTblO rnnoB sap1r1KanoB 

np1r16111r1>KaeTCR K COTHe, '4TO n03B011R0T lr1Cn011b30BaTb lr1X B lll06blX P8Alr10BeW,aT011bHblX 

annapaTax (B OCHOBHOM np1r1eMHlr1Kax) BMeCTO 

CllO>KHblX ..., AOporocfOAW,~X nepeMeHHblX KOHA0H

C8TOPOB. 

Ha p1r1c. 38 1r1306pa>KeHa T1r1nosaA cxeMa BK1110-

'40Hlr1R sap1r1Kana B i.tenb pesoHaHcHoro KOH-rypa. 

3A0Cb nOC110AOBaTellbHO c OCHOBHblM KOHA0H

caTOPOM KOH-rypa Ct BK1ll0'4eH sap1r1Kan, eMKOCTb 

KOTOporo np1r1 lr13M0H0Hlr11r1 nplr1110>K0HHOro nocTO

AHHOrO HanpA>K0Hlr1A lr13M0HR0TCR OT Mlr1Hlr1M0nb

HOro 3Ha'4eH1r1A CMMH AO MaKc1r1Ma11bHoro CMAKc· 
B pe3ynbTaTe o6w,asi cyMMapHasi eMKOCTb KOHTY

pa lr13M0HR0TCR B onpeAelleHHblX npeAella><. 

L 

+ 

P11c. 38. T111noeasi cxeMa 
eKI110YeH11R eap111<ana 

"IT06bl yCT8HOBlr1Tb 3Tlr1 np0A011bl, HY>KHO BOCn011b30BaTbCR lr13B0CTHblMlil <1>0PMY11BMlr1 

AJlR nOC110AOBaTellbHOrO C00Alr1H0Hlr1R 0MKOCTeiii, KOT0pb10 Te6e xopowo lr13B0CTHbl 1113 

nepsoiii KH1r1rn: 

c,cMAKC 
CMAKC KOHTYPA = c + c . 

1 MAKC 

3aKpen1r1M 3Tlr1 CB0A0Hlr1R '41r1Cl10BblM np1r1MepoM. nycTb y Hae np1r1MeHeH eap1r1Kan 

rnna KB105A c Kpa~Hlr1Mlr1 3HaYeHlr1AMlr1 eMKocrn 400 1r1 600 n<I>, a se111.1'41r1Ha eMK9CTlr1 

KOHAeHcaTOpa Ct cocTas11sieT 400 n<I>. TorAS o6w,asi eMKOCTb peaoHaHCHOro K9HTYP8 

6yAeT lr13M0HRTbCSI B 0110AYIOW.lr1X npeAenax: 

400·400 160000 
CMl'IH KOHTYPA = 400+400 800 200 nQ>. 

Boo6w,e rosopR, 3TO Bbl'41r1Cl10Hlr1e MO>KHO ..., He A0118Tb, ec111.1 BCnOMHll'lfb, '4TO np111 

noc11eAOBaTe11bHOM coeAl'IHeH1r11r1 ABYX OAlr1HBKOBb1x KOHAeHcaTopos a6w,aR eMKOGf& 

YM0HbW80TCR BABOe. 
Hy Aa 118AHO, 111r1wHee ynpa>KHeH111e HaM He noepeAHT. Tenepb onpeAe111r1M M8Kc1r1-

ManbHYIO eMKOCTb KOH-rypa: 

C 400. 600 240000 - 240 ..... 
MAKC KOHTYPA 400 + 600 1000 n ...... 
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TaK111M o6pa3oM, perym1pyR B HeKoTopblx npeAenax c nOMOW.blO noTeH1.1,1110MeTpa R2 
nOCTORHHOe HanpR>KeH111e, MO>KHO 6e3 nepeMeHHOro KOHAeHCaTopa 1113MeHRTb co6-

CTBeHHYIO eMKOCTb pe30HaHCHoro KOHrypa B onpeAeneHHblX npeAenax, ocyw,eCTBJlRR 

TaK111M o6pa30M ero nepecTpot:IKY no YaCToTe. 

Hanpaw111BaeTcR Bonpoc: a no<1eMy Henb3R npocTo nOAKnlOYlllTb Bap111Kan napa11-

11e11bHO KarywKe 6e3 KOHAeHcaTOpa C1? 0TBeT OYeHb npOCTOt:l: B 3TOM c11y<1ae Manoe 

OMlll'leCKOe conpOTlllBJ1eH111e KaryWKlll nonpocry 3aMKHeT HaKOPOTKO nOABOAlllMOe K Ba

p111Kany nOCTORHHOe HanpR>KeHllle. 

A 3a<1eM B cxeMe HY>KeH pe3111cTop R1? OH HY>KeH AnR Toro, YT06b1 yMeHbWMTb wyH

rnpyiow,ee BJllllRHllle u,en111 nOCTORHHOro TOKa (BHYTPeHHero conpOTlllBJleHlllR lllCTO'lHlllKa 

111 conpoT111B11eH111R noTeHu,1110MeTpa) Ha pe3oHaHCHb1"1 KOHTYP· 

CpaBHlllBaR AOCTOlllHCTBa Ill H0AOCTaTKlll sap111KanOB Ill nepeMeHHblX KOHAeHCaTOpOB, 

MO>KHO YTBep)l(ASTb, 'ITO 111cno11b30BaH111e Bap111KanOB 6e3yc110BHO npeAnO'lTl/ITe11bHe"1 

B Manora6ap111THblX np111eMH111Kax, nocK011bKY Bap111Kan BMecTe c pery11111pyiow,111M noTeH

u,1110MeTpoM 3aH111Ma10T HaMHOro MeHbWe MeCTa, 'l0M nepeMeHHblt'l KOHAeHCaTOp (oco-

6eHHO C B03AYWHblM Alll311eKTplllKOM). 

Bap111Kan B OTJll/IYllle OT nepeMeHHblX KOHAeHCaTOpOB cosepweHHO He CKnOHeH K TaK 

Ha3blBaeMOMY MlllKpOcj>OHHOMY scj>cj>eKry. KpoMe Toro, Bap111Kan Ill noTeHU,MOMeTp MO>KHO 

pacnonaraTb B nio6b1x MecTax annapaTa He3aBMCMMO APYr OT Apyra, TOrAa KaK OCb ne

peMeHHoro KOHAeHCBTOpa RBJlReTCR HeOTAe11MM0"1 'laCTblO caMoro KOHP,eHCaTOpa, YTO 

BblHY>KABeT np111MeHRTb B annapaTe AOCTaTOYHO CJ10)1(Hble MexaH111YeCKMe "' KlllHeMaTM

'leCKllle ClllCTeMbl nepeAaY Ill BepHbepHO-WKanbHble ycTpOt:ICTBa. 

B TO )Ke BpeMR eMKOCTb Bap111Kana, KaK Ill 11I06oro nonynpOBOAHMKOBOro np1116opa, 

cyw,eCTBeHHO 38BlllCl/IT OT TeMneparypbl, YTO CK83blB80TCR Ha TaK Ha3blBaeMOM yxoAe 

'lBCTOTbl KOHrypa B npou,ecce pa60Tbl. 3TO o6CTORTe11bCTBO BblHy)l(AaeT np111MeHRTb 

B cxeMe annapaTa AOnOJlHl/ITeJlbHble cneu,11tanbHbl0 cxeMbl aBTOnOACTp0"1Klll YBCTOTbl, 
YTO B 3H8'll/ITeJ1bH0"1 Mepe «CbeAaeT» npe111Myw,eCTBa Bap111KanH0"1 HBCTP0"1Klll. 

Ew,e OAHlllM cyw,ecTBeHHblM HeAOCTaTKOM sap111Kanoe no cpaeHeHMIO c nepeMeH

HblMlll KOHAeHcaTopaM111 RBnReTcsi MeHbw111"1 A111ana30H nepeKpb1T111R no eMKOCTlll. CpaB

HlllM OTHOWeH111e MaKCMManbH0"1 "' MlllHMManbHOt:l eMKOCTM «B03AYWHOrO» KOHAeHCBTO

pa B HaweM np111eMHMKe c TeM )1(0 napaMeTpOM nio6oro sap111Kana: y B03AYWHOro nepe

MeHHoro KOHAeHCaTOpa 3TO COOTHOWeH"10 COCTaBJlReT 490 : 11 = 45, TOrAa KBK y 6onb

WlllHCTBa Bap111KanoB OHO He npeBb1waeT eAlllHlllU,. VICKn10YeH111e COCTaBJlRIOT, nO)l(anyt:l, 

TOnbKO HeCKOJlbKO Bap111KanoB c K03cj>cj>111u,111eHTOM nepeKpblTlllR paBHblM 20, a TaKoe 

OTHOWeH111e He 06ecneY111BaeT HY>KHOrO nepeKpblTlllR OCHOBHblX Bew,aTeJlbHblX Alllana-

30HOB. 

VIMeHHO nosTOMY BO MHor111x npOMb1w11eHHb1x PBAlllOnp111eMH111Kax, 111cno11b3yiow,111x 

B KaYeCTBe opraHOB H8CTp0"1Klll Bap1111<anbl, cpeAHeBOJ1HOBb1"1 Alllana30H pa36111BaeTCR 

Ha ABB CMe)l(HblX nOAAlllana30Ha, a TBK H83blB8eMblt'l 0630PHbl"1 KOpOTKOBOJlHOBblt'l 

Alllana30H B006w,e OTCYTCTByeT: BMeCTO Hero nplllCYTCTBYIOT HeCKOJlbKO «paCTRHYTblX» 

KB-A111ana30HOB, AnR KOTOPblX He06XOAlllMOe nepeKpblTllle no eMKOCTlll COCT8B11ReT 

MeHbWe AByx. 

Ew,e OAHY rpynny no11ynpoBOAH11tKOBblX np1116opoe, c KOTOpblMM Mbl HasepHRKa 6y

AeM CTBJlKlllBBTbCR O'leHb 'IBCTO, COCT8BJ1RIOT CBeTOAlllOAbl. "IT06bl nOHRTb cj>lll3111KY pa-

60Tbl CBeTOAlllOAOB, npMAeTCR B caMblX 06w,111x 'leprax HanOMHMTb HeKOTOpble nOJlO)l(e

HlllR 1113 cj>lll3111Klll RApa. 

HanoMHlllM caMoe rnaBHoe, 6e3 Yero 6yAeT HenOHRTHO, c <1ero 3TO BAPYr no11ynpo

BOAHlllKOBb1"1 AlllOA Ha'llllHBeT CBeTlllTbCR. 

TaK BOT, COBpeMeHH0"1 cj>lll3111K0"1 AOKa3aHO, YTO sneKTpOHbl B J110t50M BTOMe He MOrYT 

0611BA8Tb npOll13BOJ1bHblMlll 3HeprlllRMlll. 3Hepr111si Jll06oro sneKTpOHa MO)l(eT nplllHl/IMaTb 

n111wb onpeAeneHHb1e AlllCKpeTHble 3HaYeHlllR, H83blBaeMble SHepreT111<1ecK11tM111 ypOBHRMlll. 
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'-leM 6m1>1<e sneKTpoH HaxOAlllTCR K RAPY. TeM ero sHepreT111'4eCK111iii ypoeeHb MeHbWe. 

'-1To6bl yAanlllTb sneKTpoH c mo6oiii op6111Tb1, eMy HY>KHO coo6w.111Tb HeKyio AOnonH111Tenb

Hy10 3Hepr11110, A0CTaT0'4HYIO AnR npeOAOneHlllSI Clllnbl nplllTR>KeHlllSI RApa. 
noHRTHO, '4TO TaKoiii «yAaneHHbliii» sneKTpOH o6naAaeT 6onbweiii sHeprneiii, '4eM ero 

co6paTbR no o6w,eiii op6111Te. Ill ecn111 TaKoiii sneKTpoH no>1<enaeT co epeMeHeM eepHYTb· 

CR BOCBOSIClll, OH 3Ty «nl/IWHIOIO» 3Hepr11110 06R38H eepHYTb. A eepHYTb ee OH MO>KeT 

TOnbKO B CTporo onpeAeneHHOM KOn111'4eCTBe, eAlllHlllt..teiii 1113MepeHl/ISI KOTOpoiii RBnR9TCSI 

KeaHT (111n111, APYrlllMlll cnoeaM111, cj>OTOH). 
nosTOMY nepeMew,eH111e aTOMa c 6onee BblCOKoro sHepreT111'4ecKoro ypoeHR Ha 60-

nee Hl/l3Kllliii ecerAa conpOBO>KAa9TCSI Bb1A9n9Hlll8M KBBHTa 3Hepr111111, conpOBO>KAa

IOW,lllMCSI BlllAlllMblM lllnlll lllHcj>paKpaCHblM 1113nY14eH111eM. 

He BAaBaRCb B nOAp06HOCn1 Ill TOHKOCTlll, CKa>KeM, '4TO B nonynpOBOAHlllKOBblX cee

TOAlllOAID< np111 npoxo>KAeH111111 '4epe3 H111x npRMoro TOKa e np111ne>Kaw,111x K nepexoAy o6na
CTRX npOlllCXOAlllT l/IHTeHClllBHaR peKOM6111Hat..t111R sneKTpOHOB Ill AblpOK. np111 3TOM '48CTb 

OCB060>KABIOW.9iiiCR 3Hepr111111 BblAenReTCR B BlllAe KBaHTOB ceeTa. 
B 3ae111c111MOCTlll OT WlllPlllHbl «3anpew,eHHOiii» 30Hbl 1113ny'4eH111e MO>KeT 6b1Tb n11160 B 

cneKTpe e111A111Moro ceeTa, n11160 111Hcj>paKpacHb1M. UeeT 1113nY14eH111R ceeTOAlllOAa 3ae111c111T 

OT MaTep111ana nonynpOBOAHlllKa Ill MO>KeT ne)f(8Tb B rpaHl/I~ OT KpaCHOrO AO rony6oro 

(BKnl0'4aR >Kemb1iii, opaH>Keebliii 111 3eneHb1iii). KoHcTpyKT111eHo 

ceeTOAlllOA ycTpoeH raK, '4TO ceerneoe 1113ny'4eH111e e 06nac

T111 nepeXOAa MO)f(HO BlllAeTb 14epe3 cne4111anbHOe «OKHO» 

e ero Kopnyce. 

CxeMa BKn10'4eH111R ceeTOA1110,qa np111ee,qeHa Ha p111c. 39. 
B nacnopTax 111 cnpaeo'4H111Kax AnR nio6oro ceeTOAlllOAa 

npl.1BOASITCSI 3Ha'4eHlllSI npRMOro TOKa Ill npRMOro HanpR>Ke

HlllSI. lllCXOAR 1113 3TlllX ABHHblX onpeAenReTCSI een111'4111Ha or
paHl/l'41/1TenbHOrO pe3111CTopa, BKnl0'4aeMoro nocneAoBaTenb-

HO co ceeTOAlllOAOM AnSI KOHKpeTHOro lllCT0'4HlllK8 c ABHHOiii P111c. 39. T111noeaR cxeMa 
een111'4111Hoiii HanpR>KeH111S1. Ero pac'4eT He BblXOAlllT aa npe- eKJ110'leH111R ceeTOAlllOAB 
Aenb1 3HaH111R 3aKOHa 0Ma. 

BOT, no>Kanyiii, 111 ece, '4TO Ha ceroAHR cneAyeT 3HBTb o nonynpoeOAHlllKOeb1x AlllOAax. 

CneAyiow.ee aaHS1T111e Mbl noceRmM 3HaKOMCTBY c TpaH3111CTopaM111. 

Ypox 2. COCTAB/IREM 
nonHYIO nPMHUMnMAnbHYIO 

CXEMY CYIJEPI'ETEPOLIMHA 
KaK 111 c '4ero nY14we Ha'4aTb 3Ty pa6ol)I'? nocKonbKY Mbt Ha nRTOM aaHRT111111 cyMen111 

COCTBBlllTb 6noK-CXeMy TaKoro np111eMH111Ka, TO Tenepb nOrlll'4HO STY 6noK-CXeMy pa3eep

HYTb, paCKPblB COA9P>K8Hllle Ka)KAOro cj>yHKL.tlllOHanbHOro y3na, T. e. eocnpOlll3BeAR Ka>K· 

Abliii y3en e e111Ae nonHoiii sneKTp11114ecKoiii cxeMbl co eceM111 exoARW.111M111 e 3Ty cxeMy pa

A111osneMeHTaM111 Ill sneKTp111'4eCKlllMlll coeAlllH9HlllRMlll M9>KAY HlllMlll, np111 3TOM KB>KAYIO 
TBKYIO cxeMy cj>yHKL.tlllOHanbHOrO yana HaAO paccMaTplllBBTb KaK enonHe 3aKOH'4eHHbti71 

6nOK, 111Me10w,111iii BXOAHbte Ill BblXOAHbl9 KneMMbl AnSI coeAlllHeHlllR c COCeAHlllMlll cj>yHK· 

LtlllOHanbHblMlll y3naM111, a TaK>Ke Kn9MMbl AnR coeAlllH9HlllSI c lllCT0'4HlllKBMlll mrraHlllSI. 

Ill KOr,qa cxeMbl ecex OTA9nbHblX yanoe 6YAYT rOTOBbl, OCT8H9TCR C09AlllHlllTb I/IX Me>K

AY co6oiii B COOTBeTCTBllllll c lllCXOAHOiii 6noK-CX9MOiii. 

0AH8KO npe)l<Ae '49M H8'4111H8Tb COCTaeneHi.19 nonHOiii npi.1Hl..llllnlllanbHOiii CX9Mbl, He

o6xOAlllMO peWl/ITb, '4TO 6yA9T npeACTaBJIRTb 1113 ce6R 3TOT npi.19MHlllK: CKOnbKO Ill KBKlllX 
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Alllana30HOB B HeM 6yAeT, 6yAeT 11111 OH n111TaTbeR OT elllllOBOiii eeTl/I 11111111 OT 6aTapeiii, 6y

AeT 11111 B HeM n11aBHaR HaeTpoiiiKa Ha Beex Alllana3~Hax 11111111 TOllbKO HeeKOllbKO «c)>111Ke111-

poBaHHblX» HaeTpoeK Ha onpeAelleHHble eTaHLJ,111111, Ill T. A· 

0TBeT Ha see 3Tlll sonpoebl 06bl'4HO eoeTaBllReT npeAMeT TeXHl/l'4eeKoro 3aAaHlllR Ha 

npoeKTlllPOBaH111e (11111111 eoKpa~eHHO - T3). Pa3yMeeTeR, B Hawy TenepewHIOIO 3aAa'4Y 

He BXOAlllT eoeTaB11eH111e nOllHOro T3, no3TOMY Mbl orpaHlll'4111MeR eaMblMlll He06XOAlllMbl

Mlll nyHKTaMlll. 
npe>KP,e seero np111eMHlllK 6yAeT 11aMnOBblM, noeKOllbKY e TpaH3111eropaM111 Mbl noKa 

'4TO e~e He 3HaKOMbl. 0AHaKO AeTeKrop Bn011He MO>KHO BblnOllHlllTb Ha no11ynpOBOAHlll

KOBOM AlllOAe, e KOTOPblM Mbl y>Ke xopowo noaHaKOMl/llll/leb TOllbKO '4TO: Ha nepBOM ypo

Ke 3TOrO aaHRTlllR. 

n111raH111e flpllleMHlllKa 6yAeM oey~eeTl3llRTb OT e111110BOiii eeTlll e HanpR>KeH111eM 220 8, 
TaK KaK np111eMHlllK 6yAeT eTaLJ,lllOHapHblM, a He nepeHOeHblM 11111111 aBTOM06111llbHblM. 

~TO >Ke KaeaeTeR KOl1111'4eeTBa Alllana30HOB Ill enoeo6a HaeTpOiiiKlll, TO n0'4eMy 6bl He 

CA~llaTb np111eMH111K seeso11HOBblM (a T0'4Hee - TPeXA111anaaoHHblM, 6e3 A11tanaa0Ha 

YKB, noeKOllbKY aHaKoMeTBO e np111Hu,111noM '4aCTOTHOiii MOAYllRu,111111 y Hae e~e snepeA111). 

TaK '4TO oeTaHas11111saeMCR Ha eTaHAaPTHOM Ha6ope: AB, CB 111 KB. 
B Ka'4eeTBe opraHa HaCTpOiiiKlll Bb16111paeM y>Ke xopowo 1113BeeTHbliii HaM eABOeHHbliii 

nepeMeHHbliii KOHAeHcarop e B03AYWHblM A1113lleKTplllKOM, a Bbl60p AlllanaaOHOB 6yAeM 

ocy~ecTBllRTb e noMo~blO TaK Ha3b1eaeMoro «raneTHoro» nepeKJ110ifaTe11R Ha TPlll no-

11o>KeH111R. 

OcTa11ocb pew111Tb sonpoc o TOM, eKOllbKO 111 Ka1<111x lllM0HHO paA111onaMn HaM nOHaA0-

6111TeR. Ae110 3TO AOCTaT0'4HO OTB0TCTB0HHOe, 111 AJ1R era peweHlllR rpe6yeTeR PRA cepbea

Hb1x Ill AOBOllbHO CllO>KHblX MaTeMaTlll'4eCKlllX paC'40TOB. 

Co speMeHeM 6yAeT o6RaaTellbHO oesoeHa 111 3Ta npeMyApoeTb, a Ha AaHHOM 3Tane 

np111AeTeR nplllHRTb Ha sepy e11eAy10~111e peKOMeHAau.111111, B OCHOB0 KOTOPblX l10>KlllT 

CTPeM11e11111e orpaHlll'4111TbCR MlllHlllMaJlbHblM KOl1111'40CTBOM OTAellbHblX 11aMn. npeo6paao

BaT0llb 14aeTOTbl 6yAeM AellaTb no exeMe e OTA0llbHblM reT0POAlllHOM, OAHaKO o6e llaM

nbl (111 eMee111Tellb, Ill reTePOAlllH) 6YAYT npeAeTaBlleHbl B OAHOM 6an110He KOM6111H111po
BaHHOro Tp1110A-rem0Aa Tlllna 61111n «naJtb'4111KOBOiii» eep111111. 3Ta naMna eneu,111a11bHO eo-

3AaBanacb l/IMeHHO AJ1R 3TlllX u,eneiii Ill 111enOllb30Ba11aeb npaKT111'4eeK111 BO Beex noelleAHlllX 

MOAeJlRX naMnOBblX eynepreTePOAlllHOB . 
.QnR ye111neHlllR npoMe>KYT0'4HOiii '4aeTOTbl TaK>Ke ey~eeTByeT cneu,111anbHbliii BbleOK0-

'4aCTOTHbliii neHTOA-BaplllMIO Tlllna 6K4n, npeAyeMaTp111BalO~llliii ynpas11eH111e e111rHallOM 

APY (Mbl e aT111M Ha6opoM 6yKB y>Ke eTanK111san111eb) • 

.QeTeKTop 111 eeTesoiii BbmpRM111Tenb Mbl pew11111111 AenaTb Ha nonynposoAHlllKOBblX Alll

OAax, a YH~ HaM 111306peTaTb He np111AeTeR: Mbl era TOllbKO '4TO 1113rOTOBlllJ1111 eBOlllMlll py

KaMl/I no exeMe p111e. 25 Ha TPlllOA-neHTOAe Tl/Ina 6<l>3n. 
BOT Tenepb, no>Kanyiii, MO>KHO nplllCTYnaTb HenoepeAeTBeHHO K eoCTaBJleHllllO non

HOlil np111HLJ,lllnlllaJlbHOiii cxeMbl. 
C 14ero OHa Ha'4111HaeTCR? EeTeeTBeHHO, c np111eMt10iii aHTeHHbl. TaK '4TO p111eyeM Ha 

i;:xeMe 14~p6pa>KeH111e aHTeHHbl. 
C111rHan OT aHTeHHbl lllAeT Ha BXOAHOiii peaoHaHCHbliii KOHTYP· T0'4Hee, He Ha caM KOH

TYP ('4To6bl He BHOClllTb B Hero co6eTB0HHYIO eMKOeTb eaMOiii aHTeHHbl), a Ha lllHAYK

TlllBHO eBR3aHHylO c KOHTYPOM KaTYWKY eBR31/1. A noeKOJlbKY y Hae He OAlllH Alllana30H, 

a u,ellblX TPlll, TO Ill OTAeJlbHblX KOHTYPOB TaK>Ke 6yAeT Tplll, n03TOMY c111rnan OT aHTeHHbl 

HSAO nOABOAlllTb K BXOAHOiii eeKLJ,111111 nepeKJll0'4aTeJ1R Aviana30HOB, e nOMO~blO KOTOpoiii 

Mbl 6yAeM nepeKlll0'4aTb AvianaaOHbl. TaKVIM o6paaoM, eaMbliii nepBbliii KBaApaT111K Ha 

c)>yHKLJ,VIOHaJlbHOiii cxeMe (CM. p111c. 24) Ha nOllHOlll nplllHLJ,lllnlllaJlbHOiii cxeMe 6yAeT Bbl

rJlRAeTb TaK, KaK 3TO i.1306pa)KeHO Ha pi.1C. 40. Paa6epeMCR e Ha3Ha'4eHllleM Ka>KP,Olil Ae

TaJllll, BXOAR~elll B STY exeMy. 
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P111c. 40. np111H'-'111n111anbHafl cxeMa BXOAHblX '-'enei'i cynepreTePOAlllHa 

KoHAeHcarnp C1 npeAHa3HaYeH Ami yMeHbweH111fl s11111f1Hlllff co6cTBeHHOt1 eMKocrn 

aHTeHHbl Ha o6w,yl0 eMKOCTb BXOAHOro KOHTYpa. 3a C'leT Yero 3TO no11y...aeTCfl? 3a C'leT 

rnro, YTO co6cTBeHHafl eMKOCTb aHTeHHbl 111 KOHAeHcaTop C1 BK1110YeHb1 noc11eAOBa

Te11bHO, a eMKOCTb AByx noc11eAOBaTellbHO COeA111HeHHblX KOHAeHCaTOpOB scerAa MeHb

we Ha111MeHbWeVI 1113 HlllX. A 3Ha'lll'IT, He3aBlllClllMO OT Be11111'l111Hbl co6CTBeHHOt1 eMKOCTlll 

aHTeHHbl cyMMapHaff wyHrnpylOUJ,afl eMKOCTb 6yAeT onpeA011flTbCfl eMKOCTblO KOH

A0HCaTOpa C1, B011Wtt.1HY KOTOporo Mbl MO:lKeM Bb16paTb TaKot1, KaKafl Hae ycTpa111saeT. 

,lJ,allbWe 111A0T nepeK11IO'laTe11b KaTYWeK CBfl3111 BXOAHblX KOHTYPOB scex Tpex All1ana-

30HOB. 3rn KaTYwK111 L 1, L3 111 L5. noHRTHO, YTO s 11io60VI MOMeHT K aHTeHHe MO:lKeT 6b1Tb 

nOAKJllO'leHa TOllbKO OAHa 1113 HlllX. 

nyHKT111pHafl 11111H111si, coeA111Hsi10w,asi ABe ceK4111111 nepeK1110YaTe11fl A111ana3oHoB, 03Ha

YaeT, 'lTO o6e C9K4111111 CBfl3aHbl MexaH111'leCKll1 Ill MOryT nepeKJllO'laTbCfl TOllbKO BM9CTe. 

ll1HblMll1 C110BaM111, ec11111 K nepsot1 ceK4111111 nOAKJllO'leHa KaTYWKa L 1, KaK noKa3aHO Ha 

cxeMe, TO KO BXOAY 11aMnbl CMeC111Tellf1 6YA9T nOAKlllO'leHa 111MeHHO CBfl3aHHaff c Het1 

KaTYwKa L2, a He L4 11111111 L6. 
K o6w,eMy BblBOAY BTOpot1 nllaTbl nepeKJllO'laTellff nOAKJllO'leHa OAHa 1113 AByx ceK4111t1 

nepeMeHHOro KOHAeHcarnpa HaCTpOt'IKlll C5. np111 TaKOM BKJ1IO'leHlllll1 B 11I060M 1113 Tpex 

no11o:lKeH111t1 nepeK1110YaTe11fl KOHAeHcaTop C5 oKa3blBaeTcsi nOAK1110YeHHblM napan11e11b

HO KaTYWKe lllHAYKTlllBHOCTlr1 OAHOro "13 Alllana30HOB, o6pa3yfl c 3TOt1 KaTYL!JKOt1 BXOAHOt1 

pe30HaHCHb1t1 KOHTYP· 

noM111Mo arnro napan11e11bHO Ka)l(Aot1 1113 KOHTYPHb1x KaTyweK BK1110YeHb1 no11yne

peMeHHb1e (nOACTpoe"IHble) KOHAeHcaTOPbl He6011bwot1 eMKocrn (C2, C3 111 C4), c no

MOW.blO KOTOpblX B npo4ecce nepBlll'lHOVt HaCTpOt1K"1 np111eMHlllKS ocyw,eCTB11fl9TCff 

«yKlla,o.Ka» (11111111 noArOHKa) Q>aKT111YecKoro nepeKpblrnfl Alllana3oHa noA Heo6xOAlllMb1Vi. 

3rnVI >Ke 4e11111 c11y>t<aT 111 Tp111 MarH111THb1x cepAeYH111Ka BHYTPlll KOHTYPHblX KaTYweK. Cep

A8YH111KaM111 KOppeKTlllpyeTCff YaCTOTa KOHTypa Ha CaMOM H1113KOM KpalO Alllana30Ha, 

a nOACTpOe'lHblMlll KOHAeHcarnpaM111 - Ha caMOM sepxHeM. 

06opsaHHafl nyHKTlllpHafl 11111Hlllfl OT OClll KOHAeHcarnpa C5 roBOPlllT 0 TOM, 'lTO OH 

coeA111HeH MexaH111YecK111 c APYrlllM a11eMeHTOM, Ha AaHHOt1 cxeMe He noKa3aHHblM. 
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HaK0He4, paSAen111TenbHb1i7I KOHAeHcaTop C6 Ha Bb1XOAe cxeMbl npeAHa3Ha'4eH A11S1 

Toro, '4T06bl npeAOTBpaTlllTb 3aMb1KaH111e no nOCTORHHOMY TOKY BXOA8 naMnbl CM0ClllTenR 

14epe3 oM111'4eCKoe conporneneH111e KOHTypHblX KaryweK. 

Bee nerKo 111 npocro, a rnaeHoe - noHRTHO. VI oKa3b1eaeTCR, '4TO H111'4ero cTpawHoro 

B np111H4111n111anbHOi7I cxeMe, AIDKe caMOi71 Haeopo'4eHHOi71, HeT, ecn111 nOHRTeH CMblCn Ill Ha-

3Ha'4eH111e Ka>KAOi71 BXOARUJ,ei71 B cxeMy AeTan111. 

noi71AeM AanbWe Ill nonblTaeMCR TaKl'IM )1(0 o6pa30M pa306paTbCR c TeM, '4TO CKpbl

eaeTCR 3a KP~0'4KOM, noMe'4eHHblM Ha 6noK-cxeMe p111c. 24 6YKBaM111 «CMec.». 

Mb1 ~e 3HaeM, '4TO 6yKeb1 arn o603Ha'4alOT «cMec111Tenb», T. e. TaKoe ycTpoiilcTeo, 

Ha KOTOPOM B cynepreTePOAlllHe npol'ICXOAl'IT CM0W0Hl'l0 BXOAHOro ClllrHana Ill ClllrHana 

OT MeCTHOro reTepOAl/IHa, B pe3ynbTaTe '4ero Ha BblXOAe 3TOrO CaMoro CMeci.rrenR 803-

HlllKaeT HOBaR «npoMe~0'4HaR» '4aCTOTa. 

B HaweM np111eMHlllKe ponb TaKoro CMec111renR BblnOnHReT renTOAHaR '4aCTb KOM6111-

H111poeaHHOi7I naMnbl 6Vl1n. Ha BCRK111i71 cny'4ai71 HanOMHlllM, renTOAOM Ha3blBalOT ceMl'l

aneKTpOAHYIO naMny. y Hapl'ICOBaHHOH Ha cxeMe naMnbl nOMlllMO KaTOA8 Ill aHOAa MO>l<

HO HaC'41'1TaTb KaK pa3 ew.e nRTb aneKTpOAOB - ceTOK pa3nlll'4HOro Ha3Ha'40HlllR. 

3a'4eM TaK MHOro? B A8HHOM cny14ae «pa60'4111Mlll» MO>l<HO C'4111TaTb TOnbKO AB0 1113 

HlllX: nepeyio (co CTOpOHbl KaTOA8), Ha KOTOpylO nOA80TCR BXOAHOH ClllrHan, Ill TpeTblO, 

K KOTOPOH 6yAeT nOABOAlllTbCR c111rHan OT reTePOAlllHa. '-ITO KacaeTCR OCTanbHblX ceTOK, 

OHl'I B <t>OPMl'lpoeaHl'llll Cl'lrHana npoMe~0'4HOH '4aCTOTbl HenocpeAOTB0HHOrO y'4aCTlllR 

He nplllHl'IMalOT, a BbmOnHRIOT ecnoMoraTenbHble <t>YHK4111111. 

CaMaSI 6nlll)l(HRR K aHOAY ceTKa SIBnReTCR aHTlllAlllHaTpOHHOH, ee Ha3Ha'4eH111e Mbl y3-

Han111 1113 npeAblAYW.lllX 3aHSITlllH, a AB0 OCTaBWlll0CR, COeAlllH0HHbl0 BM0CTe, SIBnRIOTCR 

3KpaHlllPYIOW.lllMlll - c I/IX nOMOW.blO CHlll)l(80TCR AO Ml'IHlllMyMa napa31/1THaR 0MKOCTHaR 

CBSl3b ccreTepOAlllHHOH» C0TKlll KaK C aHOAOM, TaK Ill C BXOAHOH, «ClllrHanbHOH» CeTKOH. 

BOT Tenepb pa36epeMCSI, '4TO K '40MY Ha cxeMe p111c. 41. BXOAHOH Cl'lrHan OT npece

neKTopa nocrynaeT HenocpeACTBeHHO Ha nepeyio ynpaenRIOW.YIO ceTKy naMnb1 cMec111-

Tensi ('4epe3 paSAen111TenbHb1t1 KOHAeHcaTop CS Ha cxeMe p111c. 40!). Pe3111cTop R1 sienR

eTcsi conporneneHl/leM «YTe'4Kl'I» (c 3TlllM nOHSITllleM Tbl TaK>l<e 3HaKOM). npae.o.a. B OTnl'l

'41110 OT KnaCC1'1'40CKOrO eap111aHTa BKnl0'4eHlllSI Hlll)l(Hllli71 KOH04 3TOrO pe3111CTOpa He 3a3eM

neH Ill He COeAlllHeH Henocpe.o.CTBeHHO c KaTOAOM, a 14epe3 Hero Ha ceTKy 3aBOAlllTCSI 

ynpaensiiow.1,11i7I c111rHan OT cxeMbl APY. 
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Piiie. 41. np11tHL.\llln11taJ1bHas:I cxeMa CM0Clll10JlbHOiil '!aCTlll npeobpaaoearnm1 



3TOT CHrHan RBm1eTCR «n060'lHblM npOAYKTOM» A0T0KTHPOB8HHR MOAyn1,11poeaH

HOro nl.f-CHrHana 1,11 npeACTaBnReT co6o~ nOCTORHHYIO COCTaBnRIOW,YIO nynbCHpyiow,e

ro HanpR>KeHHR. Ho nocKonbKY nepeMeHHaR cocTaenRiow,aR 3Toro nynbCHpyiow,ero 

HanpR>K0HHR HaM B cxeMe APY He HY>KHa, OHa no AOpore K C0TK0 CM0CHTenR «3a3eM

nReTCR» (oT¢>HnbTpoeb1eaeTCR) c noMOW,blO KOHAeHcarnpa C1 AOCTaTO'lHO 6onbwo~ 

0MKOCTH. 

KaTOA 11aMnbl TaK>Ke aaae~~neH, nosToMy Ha ceTKe naMnb1 HeT nepeoHa'lanbHoro 

CM0Ul,0HHR, 'leM o6ecne'lHBaeTCR Heo6XOAHMaR AJ1R npeo6paaoeaHHR HenHH0~HOCTb 
xapaKTepHCTHKH CM0CHTenR. 

C noMOW,blO pea111cTopa R2 HanpR>KeHHe aHOAHOro HCTO'lHHKa noHH>KaeTCR AO eenH

'lHHbl, Heo6XOAHMO~ AJ1R nHTaHHR 3KpaHHpyiow,e~ C0TKH, a KOHA0HCaTOp C3 (TaK >Ke, 

KBK 1,11 C1) ycTpaHR0T H0HY>KHYIO nepeMSHHYIO COCTaenRIOUl,ylO HM0HHO Ha 3KpaHHpy

IOUl,0~ ceTKe. KCTarn roeopR, 1,11 y KOHAeHcarnpa C2 TaKoe >Ke HaaHa'leHHe: ycTpaHHTb 

napa3HTHYIO nepeMeHHylO COCTaBnRIOW,ylO, HO Y>K0 B o6w,e~ u,enH nHTaHHR aHOAH0-3K
paHHblX u,ene~. Bee 3TH TpH KOHASHCaTopa npHHRTO Ha3blBaTb «paaeR3b1Baiow,HM"1» 

KOHA0HCaTOpaMH ¢>HllbTpOB B TO~ 11111111 HHO~ u,en111. 

Ew,e OCTMlllCb He o6Cl10AOBaHHblMlll AB0 CTP0110'lKlll, lllAYW.1110 «K nepeoMy Cl>nl.f». Bo

o6w,e roeopR, Cl>nl.f opraHH'l0CKlll BXOAlllT B COCTaB npeo6paaoeaTenR 'laCTOTbl, 11160 

lllM0HHO Ha 3TOM ¢1111/lbTpe 1,11 npOlllCXOAHT Bb1A0110HH0 npOM0>KYTO'lHO~ 'laCTOTbl. nepBbl~ 

Cl>nl.f e cxeMe nio6oro cynepreTePOAlllHa RBl1R0TCR conporneneHHeM Harpy3KH 11aMnb1 
1,11/11,11 TpaH3HCTOpa. 

0AHaKO Ha 6110K-CX0Max ece peaoHaHCHbl0 ClllCT0Mbl (B TOM 'lHClle 1,11 lll06bl0 'laCTOT

Hble ¢>HnbTpbl) Lfaw,e ecero Bb1A011RIOT B caMOCTORT0nbHbl~ ¢>YHKU,HOHMbHbl~ yae11, 

KaK 3TO CA011aHO 1,11 Ha Hawe~ 6nOK-cxeMe (pHC. 24), no3TOMY npHHU,HnHanbHYIO cxeMy 
nepeoro Cl>nl.f MO>KHO Ha~rn Ha p1,11c. 43. 

3ToT Cl>nl.f, np0ACTaenRiow,1,11~ co6o~ 1,11aeecTHbl~ Te6e nonocoeo~ ¢>1,1111bTp, noMHMO 

OCHOBHO~ <l>YHKU,1'1111 - ¢>opMHPOBaHHR Al.fX, KaK 6bl C00AlllHR0T M0>KAY co6o~ KaCKaA 
cMec1,11re11R c KaCKaAOM Ynl.f. 

Tenepb caMoe epeMR paao6paTbCil co cxeMo~ reTepOAHHa, KOTopaR 1,11306pa>KeHa 

Ha pHC. 42. 

R1 

112 llQl1nbl 

611Tn 

[1 

+Ea 

-Ea 

P111c. 42. np111HU)1n111anbHSS1 cxeMa reTepOAlllHHOA Yacrn npeo6pa3oeaTenR 
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3A0Cb A0J10 noiiiAer 6b1Crpee, nOOKOJlbKY OCHOBH8R 'laCTb 3Toro p111CyHKa, 3aKJ1IO

'l0HHaR Me>K,Qy ABYMR nnaraM111 nepeKnlO'larenR Alllana3oHoe, HaM xopowo 1113eecrHa, 
raK KSK no'lrn nonHOCTblO noeropRer cxeMy eXOAHblX KOHrypoe npeceneKTopa. 

CpaeH111M Me>K,Qy 0060~ p1110. 40 111 42 111 06HapY>1<111M eoero rp111 pa311111'l111R: 

1. Ci-irHan o KOHrypHblX KaryweK npeceneKTopa nocrynaer Ha ynpaenRIOl.1.IYIO cerKy 
naMnb1 CMec111renR, a c111rHan c KOHrypHblX KaryweK e cxeMe rerepOAlllHa noAaercR Ha 
ynpaBJlRIOl.1.IYIO C0TKY naMnbl rerepOAlllHa. 

2. 'iepe3 KarywK111 CBR3111 e cxeMe npeceneKTopa Ha KOHTYPHb1e KarywK111 nepeAaer
CR ClllrHan, nplllHRTbl~ aHT0HHO~. a B cxeMe rerepOAlllHa 'lepe3 KaryWKlll CBR3111 1113 aHOA
HO~ 1.ten111 naMnb1 (Llepe3 pa3Aen111renbHbl~ KOHAeHcarop Cf) noABOAl!fTCR c111rHan nono
>KITTeJlbHO~ o6parHO~ CBR3111, H006XOAlllMbl~ AJ1R caMOB036Y>KA0HlllR rerepOAi.1Ha. 

3. B t.tenb KOHrypHblX KaryweK rerepOAlllHa nOCJ10AOBaT0J1bHO BKnlO'l0Hbl conpRra

IOLl.11110 (1o111111 1o1Ha'le - neAAi.1Hroeble) KOHA0Hcaropbl Cl, CB "" C9. 0 TOM, 'lTO 3Ha'l111T 
«conpRra101.1.11o1e» roeopMnocb e npeAblAYl.1.l0M MarepMane. 

Pe3111crop RT RBnRercR Harpy3KO~ naMnb1 rerepoA111Ha, KOHA0Hcarop CT npeAore

pa1.1.1aer nonBAaH111e nOCTORHHO~ cocraBJlRIOLl.10~ aHOAHOro HanpR>K0HlllR Ha KaryWKlll 

o6paTHO~ CBR3111, 061.1.1111~ KOHet.t KOTOpblX 3a30MJ10H. KOHA0HCarop C2"" pe3i.1CTOP yre'l
Klll C0TKlll R2 B CO'leTaHllllll o6pa3ylOT TaK Ha3blBaeMbl~ rp111,D,11HK, 'lTO nepeBOAlllTCR c aHr

Jllll~CKOro lllM0HHO KaK yre'IK8 ceTKH. rpi.1AJ1i.1K tt>opM111pyer Ha cerKe rerepOAlllHa Ha
'laJlbHOe CMe1.1.1eH111e 3a C'leT B03HlllKHOB0HlllR C0TO'lHOro TOKa. 

CeTO'lHbl~ TOK B03HlllKaer TOJlbKO B pa6ora101.1.1eM (reHep111py101.1.1eM) KaCK0A0, 'l0M 

WlllPOKO nOJ1b3YIOTCR Ha npaKrnKe AJ1R o6HaPY>K0HlllR HaJllll'llllR i.111111 OTCyrCTBlllR reHe

pat.tllllll. 
Ecn111 Ha cerKe ecrb «MlllHYC», 3Ha'l111T, cxeMa reHep111pyer, ecn1o1 MlllHyca Her, 3Ha'lMT, 

Her Ill reHepa1.t111111. CneAyer TOJlbKO lllM0Tb B BlllAY. 'lTO AJ1R 1113M0P0HlllR HanpR>K0HlllS1 
Ha cerKe He06XOAlllMO nOJ1b30BaTbCR BblCOKOOMHblM BOJlbTM9TPOM (ny'lwe ecero naM

nOBblM lllJllll rpaH3111CTOPHblM), lllHa'le caM tt>aKT nOAKnlO'l9Hi.1R BOJlbTMerpa MO>Ker «COp
eaTb» reHepa1.411110. 

Hy "" 'lTO y Hae ocranocb? OcrancR eA111HcreeHHb1~ nepeMeHHbl~ KOHAeHcarop Ha
crpo~K111 C3, o6opeaHHaR nyHKTlllpHaR JllllHlllR OT KOTOporo 03Ha'laer, 'lTO OH RBJ1R0TCR 

cooraeHO~ 'laCTblO CAB00HHOro KOHA0HCaropa Hacrpo~Klll, eropaR 'laCTb KOTOporo oc
ranaCb Ha p1o1c. 40. 

OcrancR e1.1.1e OA"1H coeceM nycrRKOBbl~ eonpoc: a orKyAa CHi.1MaercR none3Hbl~ 
c1o1rHan rerepoA111Ha, Koropbl~, ecn111 eep111rb p111c. 41, AOJl>KeH nocryn111rb Ha eropylO yn

paenRIOl.1.IYIO cerKy renrOAHO~ 'lacrn naMnb1 61111 n? 
Oreer Ha 3TOT eonpoc MO>Ker YAlllBlllTb, noroMy 'lTO, eoo61.1.1e roeopR, np111H1.t111n111anb

HO 6e3pa3Jllll'lHO, 1113 KaKO~ TO'lKlll CX0Mbl rerepOAlllHa 3TOT ClllrHaJl OHlllMaTb. MO>KHO 
CHlllMaTb era HenocpeACTB0HHO c aHOAa, MO>KHO npRMO c KOHA9HCaropa C3, MO>KHO He
nocpeACTB0HHO c ynpaBJlRIOLl.10~ ceTKi.1 - BO ecex 3TlllX TO'lKax ClllrHaJl 6yAeT pa3J1111-
'laTbCR TOJlbKO no aMnJ1111TYA0. EcrecreeHHO, 'lTO Ha aHOA0 OH 6YA0T BO MHOro pa3 60J1b
we, 'l0M, CKa>KeM, Ha ceTKe. A nOCKOJlbKY HaM HY>K9H B np111H1.t111ne He CJllllWKOM 60J1bWO~ 

ClllrHaJl, npo1.1.1e ecero C00AlllHlllTb M0>KAY co6o~ BTOPYIO ynpaBJlRIOl.1.IYIO cerKy renrOAa 
Ill ynpaBJlRIOl.1.IYIO cerKy Tpi.10Aa, Ill He noHaA06111TCR HlllKaKlllX AOnOJ1HlllT9JlbHblX A9J1111T0-

J10~. cornacoearene~ 111 T. n. 
111M9HHO TaK Ill nocrynalOT Ha npaKTlllKe B 60J1bWlllHCTBe npOMblWJ19HHblX np111eMHlllKOB 

C JlaMnO~ 61111 n B Ka'l0CTB0 npeo6pa30BaT9J1R 'laCTOTbl. 

Mb1 6naronony'lHO A06pan111cb AO cneAYIOl.1.lero KPY>KO'lKa Ha 6noK-cxeMe, o603Ha
'leHHOro 6yKeaM1-1 Ynll. Ynll - sro KaCKM yc111neH1-1R npoMe>KyrO'lHO~ 'lacrorb1, AJlR KO
roporo B Ka'leCTBe aKTHBHOro 3J10M0HTa Mbl OCTaHOB"1J1111Cb Ha naJlb'llllKOBOM neHTOAe

eaplllMIO rnna 6K4n. 
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Pi.1c. 43. np11Hu,11ni.1anbHasi cxeMa 1-ro ci>n'"l 11 Yn'"l 

noMlllMO caMOt1 11aMnb1 B nOHSITlll0 «KaCKB,[\» BXOAlllT 2-t1 C!>n'-1, c11y>Ka~111t1 Harpy3KOt1 
11aMnb1, napa pe3111CTOpoe Aa napa KOHAeHCaTOpOB, Ha3Ha'leH111e KOTOpblX Mbl y>Ke yceo-
11111111 1113 aHan111aa npeAblAY~lllX cxeM. nocMOTPlllM Ha p111c. 43 Ill y6eAlllMCSI, 'lTO Ha HeM 
a6COJ110THO ece nOHSITHO. 

noc11eAHlllM aeeHOM B Hawet1 cxeMe (He C'llllTaSI y>Ke OCBOeHHOrQ YH'-1) ffB11ReTCSI 
cxeMa AeTeKTopa, cesiaaHHast c npeAblAY~lllM KaCKB,l\OM (Yn'-1) BTOpblM c)>lll11bTPOM nY. 
3rn cxeMa 111ao6pa>KeHa Ha p111c. 44. 06a c)>11111bTpa - 111 1-t1, 111 2-t1 - a6comoTHO OAlll
HaKOBbl 111 npeACTae11si10T co6ot1 no11ocoeb1e c)>11111bTpb1 c o6~et1 no11ocot1 nponyci<aHlllSI 
9 Kr~ Ill HaCTpoeHHble Ha cpeAHee 3Ha'leH111e npoMe>KyTO'lHOt1 'laGTOTbl B AHanaaoHe 
450 ... 470 Kr~. 

Ya~e ecero B npOMblW119HHblX np111eMHlllKBX Bb16111paeTCSI ltBCTOta 460 11111111 465 Kr~. 
XOTSI oco6o np111H~111n111a11bHOro 3Ha'-leHlllSI TaKot1 Bbl60p He lllMeeT. 
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Pi.1c. 44. npi.1Hu,11ni.1anbHasi cxeMa 2-ro ci>nl.J 11 AeTeKTOpa 
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P111c. 45. nonHaR np111Hu111n111anbHaR cxeMa cyneprernpOAlllHa 



BTOpwmaR (BblXOAHaR) o6MOTKa 2-ro <1>n~ Harpy>KeHa Ha Ol5blYHbli,:i OAHOnonyne
PlllOAHbllii AlllOAHbllii AeTeKTop, nonRpHOCTb BKnlOYeHlllR KOTOporo 06eeney111saeT Ha pe-
3111eTope Harpy3Klll (R1) noeTORHHYIO eoeTaBJlRIOLI.\YIO «MlllHyeOM» OTHOelllT8JlbHO «3eM
Jllil>•. TaKaR nonRpHoeTb Heo6xoA111Ma AnR HOpManbHolii pa60Tb1 e111eTBMbl APY. 

KOHAeHeaTOp C1 OT¢>111JlbTPOBblBaeT oeTaTKlll (o6pe3Klll) BbleOKOYaeTOTHblX e111Hyeo
lllA HeeyU,\elii n~. KOHAeHeaTOp C3 RBnReTeR paa,o,en111TeJlbHblM MB>KAY BblXO,D,OM AeTeK
TOpa 111 BXOAOM YH~. 

C Ha3HaYeH111eM pea111CTopa R2 111 KOH,D,eHearnpa C2 s 1..ten111 ynpasnR10LI.1ero e111rHana 
APY Mbl noaHaKoM111n111eb y>Ke ABa>K,D,bl Ha npoTR)l(eH111111 3TOro ypoKa. 

Hy BOT Ill see. Mbl eaMOeTORTeJlbHO eoCTaBlll/1111 nOJlHYIO np111H1..t11tn11tanbHYIO exeMy He
enO)l(HOro, HO snonHe pa6oToenoeo6Horo naMnosoro eynepreTBPOAlllHa, HlllYYTb He 
Xy>Ke npoMblWJleHHblX np111eMH11tKOB TpeTbero 11111111 ,D,a)l(e sToporo Knaeea. lf1 eC11111 see 3Tlll 
OTAeJlbHble KyeOYKlll exeMbl enO:>KlllTb B OAHY 06U,\y10, A06as111s K Helli y>Ke 1113yYeHHbllii 
HaMlll YH~ Ill eeTesolii BblnpRMlllTe/lb no MOeTOBOlii ,o,syxnonynep1110AHOlii exeMe Ha YeTbl
pex KpeMHl/leBblX BblnpRMlllTeJlbHblX AlllOAaX, nOJlyYlllTeR no11HaR np111H1..t111n11ta/lbHaR exe
Ma, KOTOpaR np111seAeHa Ha p11te. 45 Ill KOTOPYIO eMenO MO)l(HO YlllTaTb eaMOeTORTeJlbHO 
11t, ri:iasHoe, snonHe oeoaHaHHO. 

lflTaK, Mbl B3RJllll OYepeAHYIO sepw111Hy Ha nyrn K PaAlllOJll0611tTeJlbeKOMy eosep
weHeTsy. 



3>\1-Uff~IE BOCbJ'J\OE 

TeopHH 

YpoK 1. YCTPOMCTBO 
11 nPMHUMn PABOTbl TPAH3MCTOPA 

CerOAHSIWHSISI reMa eABa m1 He caMafl ea)l(Hafl, CJlO)l(Hafl 111 TPYAHafl AflSI noH111MaH111S1, 
no3r0My re6e np111AeTCS1 M06i.t11111soeaTb see ceoe BH111MaH111e, a Ta10Ke o6beMHo-npo
CTpaHCTBeHHoe B006pa)l(eHi.te, lllHa'le 6yAeT O'leHb CJ10)1(H0 npeACTaBlllTb ce6e <Plll3111KY 
pa60Tbl TpaHs111cropa 111 MexaHlll3M yc11111eH111S1 lllM cna6blX c111rHanoe. 

no3r0My eHa'lane Mbl nocTasi.tM «Tenery enepeA111 nowaAi.t» 111 Ha'!HeM He c np111Hu,111-
na pa60Tbl TpaH3111CTOpa, a c ero npaKTlll'leCKOro ycTpOHCTBa, nOCKOJlbKY B 3TOM Clly'!ae 
6yAeT nOHSITHee, '!TO Ill no'leMy npOlllCXOAlllT BHyTplll TpaH31/1CTOpa np111 ero pa6ore B pe
anbHOH cxeMe. 

AnSI Ha'!ana eepHeMCSI K p111c. 34 (1113 np0AblAYLI.\0rO 3aHSITlllSI) Ill OC80)1(1/1M B naMSITlll 
ycTpOHCTBO no11ynpoBOAHlllKOBOro AlllOAa. A Tenepb Mb1Cl10HHO BKlllO'llllM ABa AlllOAa 
«HaecTpe'!y» Apyr APYry raKi.tM o6pasoM, '!T06b1 conp111Kaca10LI.1i.tM111cS1 0Kasa11111cb ABe 
OAlllHaKOBb1e 0611acr111: 11111111 p, 11111111 n. TorAa ABe APyr111e OAH0111MeHHb1e 0611acT111 OKa)l(yr
CSI no KpaSIM HOBOro np1116opa, TaK, KaK 3TO 1/1306pa)l(eHO Ha p111c. 46. 
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P1r1c. 46. YcnoeHo-cxeMarn'lecKoe 1r1ao6prutceH1r1e rpaHa1r1cropoe 
«npRMOlii» lr1 «06paTHOlii» npOBOAlr1MOCTlr1 



3rn np1116opb1 111 ecTb nnocKOCTHble TpaH3111CTOpbl ABYX BlllAOB npoBOAlllMOcrn: n-p-n 
(p111c. 46,a) 111 p-n-p (p111c. 46,6). EA111HCTBeHHoe npaKTw1ecKoe pa3n111'i111e Me>KAy HlllMlll 

COCTOlllT TOnbKO B nom1pHOCTlll nlllTalOll.llllX Hanpsi>KeHlllH, no3TOMY Aanbwe Mbl 6yAeM 

paccMaTp111eaTb OAlllH 1113 arnx ABYX BlllAOB - TpaH3111CTop rnna n-p-n. 
A Tenepb caMoe rnaeHoe, caMoe cy11.1ecTeeHHOe, 6e3 'iero TpaH3111CTopoe npocTO He 

MOrno 6bl 6b1Tb. nocne COeAlllHeHlllSI Me)l(Ay co60H AByx AlllOAOB OAlllHaKOBblMlll p-cnosi
Mlll MeCTO lllX CTblKa MO>KHO npeACTaBlllTb KaK OAHY 0611.1yio p-30HY (111n111 o6naCTb), KaK 

3TO 111111306pa>1<eHo Ha p111c. 46,a. 3Ta 0611.1asi 30Ha Ha3eaHa 6a30H. Aee Apyr111e o6nacrn 

(o6e c npoBOAlllMOCTblO n-rnna) Ha3BaHbl aM111nepoM 111 KonneKTopoM 

KoTOpasi 1113 HI/IX 3MlllTTep, a KOTOpasi KOnneKTop? BOT 3AeCb Hae nOA>l(l/IACleT nepBblH 

ciopnp1113. Aeno a TOM, 'iTO AnSI pa6oTbl TpaH3111CTopa 3TO He np111H~111n111anbHO. Ecn111 6b1 

o6e n-30Hbl 6b1n111 BblnOnHeHbl KOHCTPYKTlllBHO OAlllHaKOBblMlll, TO TpaH3111CTOP MO>KHO 

6b1no 6bl c OAlllHaKOBblM ycnexoM nOAKnlO'iaTb K lllCTO'iHlllKY n111TaH111S1 KaK «BHlll3 HoraMlll», 

TaK 111 «eeepx HOraMlll». Ha npaKT111Ke arn ABe 30Hbl KOHCTPYKTlllBHO BbinonHeHbl pa3Hb1-

M111. Pa3nlll'illle COCTOlllT B nnOll.laAlll, 3aHlllMaeMOH Ha nnaCTlllHKe 6a3bl np111MeCHblM Ma

Tep111anoM. 3neKTpOA c 6onbweH nnOll.laAblO nepexoAa Ha3eaH KonneKTopoM, a c MeHb

weH nnOll.laAblO - 3MlllTTepOM. Aanbwe Mbl e11.1e eepHeMCSI K 3TOMY pa3Jllll'illll0 Ill BblSIC

HlllM, 'ieM OHO o6ycnoeneHO, a noKa np111MeM 3TO K CBeAeHllllO. 

BTopasi HalllBa>KHeHwasi oco6eHHOCTb TpaH3111CTOpa COCTOlllT B Ton11.1111He 6¥0BOro 

aneKTPOAa, T. e. nnaCTlllHKlll 1113 KpeMHlllSI 111n111 repMaHlllSI, Ha KOTopylO c AByx CTOpOH Ha

HOCSITCSI np111MeCHble MaTeplllanbl. nnacrnHa 3Ta O'ieHb TOHeHbKasi. KaK ce6e npeACTa

BlllTb nOHSITllle «O'ieHb TOHeHbKaSI nnaCTlllHKa»? B 1 MM? B 0,5 MM? 1'1n111 Aa>Ke B 0, 1 MM? 

LIT06bl Mbl AMbWe CMOrnlll pa3roeap111eaTb Ha OAHOM 0611.1eM Sl3b1Ke, ecnOMHlllM, 'iTO 

3a eAlllHlll~a 1113MepeHlllSI - MlllKpOH (MKM)? MlllKpOH - 3TO OAHa TblCSl'iHaSI AOnSI Mlllnn111-

MeTpa. Mo>KHO n111 TaKylO een111'i111Hy npeACTaBlllTb ce6e npaKT111'iecK111? Aa>Ke O'ieHb ner

KO. K np111Mepy, Ton11.1111Ha OAHOro nlllCTa 06bl'iHOH nl/IC'ieH 6yMarl/I COCTaensieT OKOno 
70 MKM (±10 ... 15 MKM). A Ton11.1111Ha 6a3bl B 30He nepeXOAOB COCTaensieT ... HeCKOnbKO (!) 

MlllKPOH, T. e. e 10 ... 15 paa TOHbWE n111cTa n111c'ieH 6yMarn! 111 BOT Ha 3TY, c no3eoneH111S1 

CKa3aTb, nnaCTlllHKY c AByx CTOpOH (!) HaHeCeHbl KanenbKlll np111Mec111. 

Ho TaKoro He MO>KeT 6b1Tb! Ha caMOM Aene 6a3oeasi nnacrnHKa 111MeeT Ton11.1111Hy 

B HeCKOnbKO AeCSITKOB 111n111 Aa>Ke COTeH MlllKPOH, HOB MeCTe nepeXOAOB B HeH np111 no

MOll.1111 XlllMlll'ieCKOro cj>pe3epoeaH111S1 CAenaHbl ABa yrny611eHlllSI - OAHO MeHbwero 

AlllaMeTpa, Apyroe - 'iYTb 6011bwero. 

np111MeCHblH 3/leMeHT B MeHbWeM yrny611eHllllll - 3TO 6YAYll.llllH 3MlllTTep TpaH3111CTO 

pa, a B 6onbweM - 6YAYll.llllH K0/1/leKTOp. LITO >Ke KacaeTCSI TOHeHbKOH nepeMbl'iKlll 

B 6a30BOH n11aCT111HKe, OCTaBWeHCSI noc11e cj>pe3epoeaHlllSI, TO ee TOJlll.llllHa AeHCTBlll

TenbHO COCTaensieT ecero HeCKO/lbKO MlllKPOH. 

6011ee Toro: 'ieM TOHbWe aTa nepeMbl'iKa, TeM 11y'iwe yc11111111Te11bHb1e ce0Hcn1a rpaH-

3111cTOpa. no'ieMy 3TO TaK? c 3TlllM eonpoCOM Mbl 6yAeM ceroAHSI paa6111paTbCSI O'ieHb 

AeTa/lbHO. 

BepHeMcsi K nepeoMy ypoKy TpeTbero 3aHsirnsi, Ha KOTOPOM Mbl pa36111pa11111 np111H

~111n AeHCTBlllSI Ill ycTpOHCTBO 3KpaHlllPYIOll.leH ceTKlll 'ieTblpexaneKTPOAHOH 11aMnb1 -

TeTPOAa. 

3TOT MaTeplllan He06X0,!1,lllMO BHlllMaTe/lbHO nepe'illlTaTb, nOCKOnbKY OH nOMO>KeT B 

3Ha'i111TellbHOH Mepe ynpocT111Tb noH111MaH111e npo~eccoe, npo111cxo,11,si11.1111x e 30He nepe

XOAOB TpaH3111CTOpa. 

111 nocneAHSISI npe,11,eap111TenbHaS1 lllHcj>OpMa~111S1: np111 1113rOTOBneHllllll TpaH3111CTOPOB 

MaTep111an 6a3bl Ae/lalOT c He3Ha'illlTe/lbHblM KOnlll'ieCTBOM np111Mec111 c TeM pac'ieTOM, 

'iT06bl B 30He nepeXOAa o6pa30Bb1Ba/10Cb yMepeHHOe KO/llll'ieCTBO nap 3/leKTpOH-Ablp

Ka, TOrp,a KaK B CMe>KHblX c 30HOH nepeXOAa 0611acrnx HanpOTlllB, COAep>Ka/lOCb 60/lb

woe 'illlC/10 HOClllTe/leH: CB060AHblX 3/19KTPOHOB B n-CTPYKType Ill cso60AHblX «APIPOK» 

B p-CTPYKTYpe. 
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J 7 

8bl8od 3Mummepa 3Mumme 

a) 6) 

B) 

P111c. 47. CospeMeHHbliil nonynposoAHL.1KOBbliil Tpi.iOA (TpaH3111CTOp): 

nnacmuHKa 
K eMHUR 

a - KOHCTPYKl.411111 cnnaeHoro nonynpOBOAHlllKOBOro TpaH3111CTOpa B paapeae (ClllllbHO yse11w1eHo}; 
6 - npaKTlll'lecKall KOHCTPYK1.41111l cospeMeHHOro TpaH3111CTopa B nnacrMaCCOBOM KOpnyce; 

B - BHBWHllliil BlllA cospeMeHHblX TpaH3111CTOPOB 

BoT T0n0pb, A0p>Ka e yM0 ec0 cKaaaHH00, nonpo6y0M paao6paTbCR c pa6oTo171 TaKo

ro yin1KanbHOro np1116opa, KaKlllM RBml0TCR npoCT0171 Ill CKpOMHbl171 Ha BlllA TpaH3111CTOp, 

cxeMaTllll.f0CK00 ycTp0171CTBO KOTOporo, OAHa 1113 B03MO>KHblX KOHCTPYK~lll171 Ill H0CKOnbKO 

eap111aHTOB coep0M0HHoro BH0wH0ro 0¢>opMn0H11tR np111eeA0Hbl Ha p111c. 47. 

Boo6U,\0 roeopR, 0cn111 6b1Tb COBC0M Y>K CTPOrlllM B onp0A0n0HlllRX, CYLI.\0CTBYIOT 

TpaH3111CTOpbl Ill c H0CKOnbKlllMlll pa3Hb1Mlll nep0XOAaMlll, HO Mbl noKa l.fTO 6yA0M roeo

PITTb TOnbKO o npoCTblX TPaH3111CTopax c ABYMR p-n-n0p0xoAaM111: M0>KAY 6aaolll 111 3MlllT

TepoM Ill M0>KAY 6aao171 Ill Konn0KTOPOM. ,D,oroeopltlMCR TaK lllX Ill H83blBaTb: 3MlllTTBPHblill 
nepexo,q Ill KonneKTOPHblill nepexo,q. B AanbH0171W0M B T0KCT0 nOA 3TlllMlll nOHRTlllRMlll Mbl 

6yA0M paccMaTpllleaTb ece npo~eCCbl, npOlllCXOARLI.\lll0 Ha rpaHll1~0 M0>KAY MaT0p111anoM 

6aab1 111 MaT0p111anoM Konn0KTopa 111n111 3M1t1TT0pa. 

Jlio6o171 TPaH3111CTOP MO>K0T pa6oTaTb no M0HbW0171 M0P0 B Tpex pa3Hb1X p0>K111Max: 

B aKTlllBHOM P0>KlllM0, B p0>KlllM0 OTC01.fKlll (aan111paH1t1R) 111n111 B P0>KlllM0 HaCblU,\0HlllR, nony

l.falOU,\1110CR np111 paaHo171 no11RpHocrn 111 een111Y111Hax n111Ta10LI.11t1X HanpR>1<0H111i1. Mb1 c0roAHR 

6yA0M paccMaTp111eaTb aKTlllBHbl171 P0>KlllM, np111 KOTOPOM HanpR>K0Hlll0 Ha 3MlllTT0PHOM 

nep0XOA0 npRM00 (npoBOARLI.\00 COCTORHll10 n0p0XOAa), a Ha KOnn0KTOPHOM n0p0XO

A0 - o6paTH00 (H0npOBOARLI.\00 COCTORHll10 n0p0XOA8). 

Hal.fH0M c Toro, l.fTO paCCMOTPlllM npo~0CCbl, npOlllCXOARLI.\1110 B TaKOM TpaH3111CTOP0 

e cTaT11tl.f0CKOM p0>K111M0, 603 HarpyaK111 111 np111 OTCYTCTe111111 non0aHoro c111rHana Ha 0ro 

BXOA0, KOrAa K 3110KTPOAaM TpaH3111CTOpa nOAKnlOl.f0Hbl TOJlbKO lllCTOl.fHlllKlll nlllTaHlllR: 

KOllneKTOpHaR Ill 6aaoeaR 6aTape111 c HanpR>K0HlllRMlll EK Ill E5. nonRpHOCTb lllX BKnlOl.f0HlllR 

TaKOBa, l.fTO Ha 3MlllTTepHOM nep0XOA0 HanpR>K0Hlll0 npRM00, a Ha KOnlleKTOpHOM - 06-

paTHOe (p111c. 48). 
B 3TOM cnyYa0 conporneneH111e aM111nepHoro n0p0x0Aa Man0HbK00, nopRAKa A0-

CRTKOB OM, Ill MR nOJ1Yl.f0HlllR TOKa B ~en111 3MltlTTep-6aaa AOCTaTOl.fHO H03Hal.flllT0nbHOro 

HanpR>K0HlllR B H0CKOJlbKO AOne171 BOnbTa. 
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ConpoT111eneH1110 Konn0KTopHoro nepexoAa 
e0n111Ko - e TblCSl'illl pas 6onbwe, noaToMy Ha
npsi)l(eH111e KOnneKTopHoro lllCTO'iHlllKa HaMHOrO 
6onbwe: OHO M0)1(8T COCTaBnSITb A8CSITKlll, a B He

KOTOPblX cny'iaSIX Ill 15onee COTHlll BOnbT. 
1113 p111c. 48 BlllAHO, 'iTO o6w,ee Hanpsi)l(eH111e 

KonneKTOpHoro lllCTO'iHlllKa, np111nO)l(8HHOe K Y'ia
CTKY 3MlllTTep-KonneKrop MO)l(HO paccMaTplll
eaTb KaK cyMMY Hanpsi)l(eH111£1 Ha y'iaCTKax 3MlllT· 
rep-6asa 111 6a3a-KonneKTop, r. e. 

UaK = Uas + Usr.. 

np111 pa60Te B aKTl/IBHOM pe)l(lllMe, KOrAa npSI· 
Moe Hanpsi)l(eH111e Ha y'iaCTKe aM111rrep-6asa 
MHOro MeHbWe Hanpsi)l(eHlllSI 3MlllTTep-KonneK

TOP Ill lllSMepsieTCSI AOnSIMlll BOnbTa, enonHe AOny
CTlllMO C'illlTaTb HanpSl)l(eHlllSI KOnneKTop-6asa Ill 
KonneKTop-3MlllTTep np1116n1113111TenbHO paeHblMlll. 

I TOK '1t Ko1111eKmopa 

P111c. 48. lllnmocrpa1..1111si K npo1..1eccaM 
e rene 611monsipHoro rpaHa111cropa 
np111 BK11J0'18HHblX ll'ICTO'IHll'IKaX n111ra

IOIJ.lll'IX HanpSllKBHll'liil 

Cl>1113111'iecK1110 npou,0ccbl, npo111cx0Asiw.1110 BHYTPlll TpaH3111CTopa, MO)l(HO e rpy6oM 
np1116n111)1(eH111111 paccMaTp111eaTb TaK: np111 ye0n111'i0H111111 npsiMoro HanpS1)1(8H111st M0>KAY 

6a3o£1 Ill 3MlllTT0POM 11136blTO'iHbl0 3n0KTPOHbl 1113 3MlllTT0PH0£1 n-SOHbl np00AOn0BalOT 
nor0Hu,111anbHb1£1 6apbep 3M111rr0pHoro n0pexoAa 111 ycrp0MnS110TCS1 e p-soHy 6a3bl, rA0 
nPlll OTCYTCTBllllll HanpS1)1(0HlllSI Ha KOnn0KTop0 MOrnlll 6bl 3anonHlllTb 11136blTO'iHbl0 
AblpKlll B r0ne 6a3bl Ill o6pa30BaTb cyw,ecTB0HHbl£1 3neKTpOHHbl£1 TOK BO BH0WHe£1 u,en111 
3M111rr0p-6a3a. 

0AHaKO np111 H8nlll'illllll nonO)l(l/ITenbHOrO HanpS1)1(0HlllSI Ha KOnneKTOP0 npolllCXOAlllT co
BC0M 111Ho£1 npo®CC - an0KTpOHb1 3MlllTTepa, npopeaew1110csi 'i0p03 aM111n0pHb1£1 n9p0-
XOA Ill Alll<l><l>YHAlllPOBaew111e B CB0PXTOHKYIO «nn0HKY» Marep111ana 6asbl, cpasy )1(0 OKa
SblBalOTCSI nOA B03A0£1CTB1110M nonO)l(l/IT0nbHOrO noreHu,111ana Konn0Kropa, none KOTOpo
ro eo MHoro pa3 np0eocXOAlllT no e0n111'i111H0 none 6a3bl. B pe3ynbTare n111wb H06onbwo0 
'i111cno «3M111n0pHblX» aneKTpoHoe ycneeaer no Aopore 3anonH111Tb AblPKlll e MaT0p111ane 
6aSbl. OCHOBHaSI )Ke 'iaCTb «3Ml/ITT0pHblX» 3n0KTpOHOB npocKaK111Ba0T eropo£1 p-n-n0pe

XOA Ill en111eaeTCSI B an0KTpOHHbl£1 nOTOK Y>K0 B cocrae0 KOnn0KTOpHoro TOKa. 
TaKlllM o6pa30M A8)1(0 H03Ha'i111T0nbHb1£1 nono)l(111r0nbHb1£1 noreH~an Ha 6a30 np111-

BOAlllT K B0CbMa 3Ha'il/IT0nbHOMY ye0n111'i0HllllO KaK 3MlllTT0pHoro, TaK Ill Konn0KTOPHOrO 
TOKa. np111 3TOM napannenbHO H0111360)1(H0 nplllCYTCTBy0T Ill npSIM0£1 TOK B u,en111 3MlllT· 
T0p-6a3a (3a C'i0T 'iaCTlll'iH0£1 P0KOM6111Hall,111111 B Ten0 6aSbl), OAHaKO no B0nlll'il/IH8 6a-
30Bbl£1 TOK BO MHOro pas M0HbW0 CYMMapHoro TOKa B u,0n111 3MlllTT0p-Konn0KTop. 

npou,eCCbl, npOlllCXOASIU.l,1110 B ®nlll 3KpaHlllPYIOW.0£1 C0TKlll T0TPOAa, O'i0Hb CXO)l(lll 
c npou,0ccaM111 B u,en111 6a3bl TpaH3111CTOpa 0cn111 He no COA0P)l(aHllllO, TO HaeepHSIKa no 

<1>opMe. 
B pesynbTare on111caHHoro npou,ecca e u,en111 111cTO'iHlllKa KonneKTopHoro n111TaH111si yc

raHaen111eaercsi H8Klll£1 CYMMapHbl£1 TOK ia. npeACTaBnSllOW,111£1 co6o£1 CYMMY KOnneKTop
HOro Ill 6asoeoro TOKOB. nplllTOM HarnRAHO BlllAHO, 'iTO C nOMOW,blO H8SHa'illlT0nbHOrO 

TOKa B u,en111 6aSbl OKa3blBaeTCSI MO)l(HO ynpaenSITb ropaSAO 6onee SHa'illlTenbHblM TOKOM 
e u,0n111 3M111TT0p-KonneKrop. 

Ecn111 T0nepb nepe£1Tlll OT CTaTl/l'i0CKOro pe)l(l/IMa K AlllHaMl/l'i8CKOMy, T. e. BKnlO'illlTb 
e u,enb KonneKropa pes111cTop HarpysK111, a e u,enb 6asb1 ee0cr111 nepeMeHHYIO cocraensi
iow,yio HeKoero ClllrHana, craHeT O'i8BlllAH0£1 SIBHaSI aHanOrlllSI rpaHSlllCTopa Ill naMnoeoro 
TPlllOAa KaK aKTlllBHblX yc111n111r0nbHb1x aneMeHTOB. 

CpaeH111easi Me>KAy co6o£1 naMnoeb1£1 111 nonynpoBOAHlllKOBbl£1 TPlllOAbl MO)l(HO npo
eecr111 AOBOnbHO MHOro aHanor111£1: aHOA C'il/ITaTb 3KBlllB8n8HTOM KOnneKropa, KaTOA -

AB0£1HlllKOM 3MlllTT0pa, a ynpaenRIOW.YIO C0TKY - aHanOroM 6aSbl. np111 3TOM Ill no BH0W· 
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H"1M nposieneH"1RM e peanbHblX cxeMax yc1t1n1t1Teneill "1 reHepaTopoe o6a e1t1.cui Tp1t10.o,oe 

1t1Me10T MHOro o6~ero. TaK, K np1t1Mepy, TPeM naMnoeblM cxeMaM BKn10l.feH1t1R Tp1t10.cui -

c o6~"1M KaTO,D,OM, c o6~"1M 8HO,D,OM "1 c o6~eill ceTKOill - nonHOCTblO COOTB6TCTBYIOT 
TP"1 cxeMbl BKnlOl.feH"1R TpaH3"1CTopa: c o6~"1M 3M"1TTepoM, o6~"1M KonneKTopoM "1 o6-
~eill 6aaoill. 

Ta10Ke o.o,1t1HaKoeo o6a B"1Aa Tp1t10.o.oe «yc1t1n1t1ea10T» noAeo.QlllMblA K HlllM c1t1rHan KaK 
no aMnn"11)',D,e, T8K "1 no MO~HOCT"1. B 060111x cnytfaRK C"1rHall Ha BblXO,O.e Tp8H3111CTOpa 

np"1 BKnlOl.f6H"1"1 no cxeMe c o6~M KBTOAOM ("1nlll SMlllTTepOM) MMeeT <1>aay, npOTlllBO
nonO>KHYIO <1>aae BXOAHOro C"1rliana, a np111 BKnlOLl6Hlll"1 no cxeMBM c o6~111M BHOAOM "1 
o6~eill ceTKOill (COOTB0TCTB0HHO c o6~"1M KOnneKTOPOM M o6~ei.1 6aaoi.1) - <l>B3bl 
BXOAHOro "1 BblXO,D,HOtO C"1rHana OA"1H8KOBbl. 

HapRAY c aT"1M eCTb "1 cy~ecTBeHHb1e paan1t1Y"1R, onpeAensiio~lile .o.ocT0111HcTea "1 

H0AOCT8TK"1 naMnOBblX "1 nonynpoeo.o,H"1KOBblX Tpi.tOAOB. nepeA TeM, KaK 03HBKOM"1TbCR 
c H1t1lKecne,qyio~ei.1 cpaeH1t1TenbHOi.1 Ta6n1t11.teA cne,nyeT Y'f0CTb, LITO sro cpaeHeH1t1e Ka
caeTcR TQnbKO rpynnbl 61t1nonRpHblX TP8H3"1CTOpOB c TOKOBblM ynpaeneH"10M, c $"13"1-
KOill KOTOpblX Mbl TOnbKO LITO n03H8KOM"1n"1Cb. noM"1MO H"1X Cy~eCTByeT 60'1bWBR rpyn

na yH1t1nonRpHblX (noneeblx) TpaHa111crnpoe, c KOTOPblM"1 Mbl no3HBKOMlllMCR n03:lKe "1 

MR KOTOpblX cpaBH"1TenbHbl0 nOK838T0n"1 6Y.O.YT coeceM "1HblM"1. A Tenepb np1t1Be.o,eM 
cpaBH6H"1R (Ta6n. 5). 

HeTPYAHO B"1A0Tb, YTO no 6onbW"1HCTBY norpe6menbCKMX napaMeTPOB TPBH3"1CTOPbl 
cy~eCTB9HHO npeBOCXOART BBf<YYMHble naMnbl c no,D,orpeBHblM KSTO,D,OM, XOTR Ha 3ape 
nORBn0H"1R Tp8H3"1CTOPOB, .o.o B03H"1KHOB6H"1R coeepweHHblX TexHonornill, ece nony

npoBO,D,H"1KOBble np1116opbl "1Men111 Ol.f0Hb cy~eCTBeliHbli.1 He,D,OCTSTOK: OH"1 xopowo pa-
6oTan"1 T011bKO B AOCTSTOl.fHO Y3KOM LISCTOTHOM ,D,111anaa0He, He BblXO,D,"1BW"1M .o,a>Ke y 

nyYw1t1x o6paat.toe aa npe.o,enb1 cpeAHeeonHoeoro pa,D,1t1oee~aTenbHOro A1t1ana3oHa. 

Ta6n1t11.ta 5 

CPABH"1tE11bHblE ,D,AHHblE JlAMnOBblX tPl/10,D,OB "1 6"1nOm!PHblX tPAH3111CTOPOB 

noKSaarenb JlaMnOBblA l'plllo,Q 6111noni!pllb1A 
l'p8H3111CTOp 

noTpe6neHl/le AOnOnHlllTenbHOi.l 3Heprllllll 1..1enb10 
eCTb H8T 

noAorj:)eeaTensi KaTOAa ( «HaKan• naMnbl) 

AHOJJ,Hoe (KonneKTopHoe) Hanpsi*eH111e n111TaH111si 
A0CSITK"1 OT 8AlllHllllJ, 

Ill COTHlll BOnbT AO coteH eonbT 

Han111L1111e «BP8AHOro» cel'O'fHoto (6aaoeoro) TOKa H8T ecTb 

BxOAHOe conpoT111eneH111e e txeMe c o611.\11M KaTOAOM 
BblCOKOe Hlll3KQe 

(COTHlll KOM (A8CSITKlll 
(o6ll.llllM 3MlllTtepoM) 

Ill 8AlllHlllLlb1 MOM) 111n111 COTHlll OM) 

BHYTPeHHee conpoT111eneH111e (Ri) COTHlll K0M 8AlllHlllLlbl KOM 

OTHoWeHIAe noneaHaSI MOll.\HOCTb/ra6aplllTbl Hlll3KQe BblCOKQe 

CpoK cnyiK6bl (Aonroee'IHOCTb) np111 rapaHTi.1poeaHHblx 
COTHlll '18COB 

A0CSITKlll TblCSl'I 

nacnopTHblX ycnoe111six aKcnnyaTa1..1111111 '18COB 

CKllOHHOCTb K «MlllKpo<t>oHHOMY" a<t><t>eKTy 0CTb H0T 

3ae111c111MOCTb ecex napaMeTpoe OT een111'1111Hbl 
ClllnbHaSI HeT 

Hanpsi)l(eH111S1 HaKana -
MexaH111'1eCKasi npO'IHOCTb (np111MeH111TenbHO K naMnaM -

Hlll3K8SI BblCOK8SI 
B CT0K11SIHHblX 6annoHax) 

Kn,D, (OTHOW0Hllle none3HOH MOll.\HOOTlll K nOTpe6nsieMOH 
Hlll~KlllH BblCOKlll~ 

OT lllCTO'IH"1Ka nl!ITaHlllSI) 
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B 3TOM CMblCne OHlil He MOrnlil KOHKYPlilPOBaTb c pa,o,1i1onaMnaM1i1 B annapatype Ha Ali1-

ana3oHax YKB 1i1 CB'-1. CeroAHsi KaprnHa pe3KO li13MeH1i1nacb, 1i1 coBpeMeHHb1e TpaH31i1CTO

Pbl, AlilOAbl 1i1 MlilKpocxeMbl 3¢¢eKrnBHO pa60Ta10T npaKrn1.1ecK1i1 Ha ecex Ali1ana3oHax. 

EA1i1HCTBeHHblM cyw,ecTeeHHblM 111, yBbl, HeycTpaHli!MblM HeAOCTaTKOM 61i1nonsipHblX 

TpaH31i1CTOpOB 6b1n Iii OCTaeTCSI AOBOnbHO 6onbWOVl TOK 6a3bl, 06ycn0Bn1i1eaiow,1i1VI Hli13-

KOe BXOAHOe conpOTli1BneH1i1e TpaH31i1CTOpHoro yc1i1n1i1TenbHOro KaCKa,o,a Iii, KaK cneA

CTBlile, ClilnbHOe wyHrnpoBaH1i1e li1CTOYHli1Ka ClilrHana. 3TOT HeAOCTaTOK ClilnbHO 3aTPYA

HSleT CTblKOBaH1i1e TpaH31i1CTOpHoro KaCKaAa c pe30HaHCHblMli1 ClilCTeMaMlil BblCOKOVl 

A06pOTHOCTli1. 

lllMeHHO 3TOT H0AOCTaTOK 3acTaB1i1n KOHCTPYKTOPOB LllCKaTb nyrn nOBblWeHlilSI BXOA

HOro conpornBneH1i1si, YTO B 1i1Tore np1i1Beno K nosieneH1i110 TpaH31i1CTopoe Hoeoro noKo

neH1i1S1, 1i1cnonb3YIOW.li1X lilHOVl npli1HLl,"1n pa60Tbl. 3TO TaK Ha3blBaeMbl0 noneBble TpaH31i1-

CTOpbl. Ha3BaHli1e noneBble OTpa)l(aeT TOT ¢aKT, "!TO ynpaeneH1i1e TOKOM 1.1epe3 TpaH31i1C

TOP ocyw,eCTBnsieTCSI He TOKOM B 6a30B0Vl u,en1i1, a 3neKTPOCTaTli1YeCKli1M noneM, np1i1no

)l(eHHblM KO «BXOAHOMY» 3neKTPOAY TpaH31i1CTOpa. 3TOT nocneAHlilVl peBOnlOLl,lilOHHblVl 

war no cyw,ecTBY ycTpaHSleT see OCTanbHble HeAOCTaTKlil TpaH31i1CTOPOB no cpaBHeHlillO 

c pa,o,1i1onaMnaM1i1, KOTOpble npli1BOAli1nli1Cb B cpaBHlilTenbHOVl Ta6n1i1u,e AflSI 61t1nonsipHblX 

TpaH31i1CTOpOB. 

noneBb1e TpaH3"1CTOpbl - 3TO TeMa oco6oro OTAenbHOro pa3r0Bopa, "1 1t1MeHHO 

0 HlilX Mbl ceVIYac Iii norOBOPlilM. noneBble TpaH31i1CTOPbl, KOTOpble ew,e Ha3btBalOT YH"1-

nonsipHblMli1 1i1n1t1 KaHanbHblMlil, nocTpoeHbl no COBepweHHO lilHOMY np"1HLl,li1ny, "!TO Ha

rnSIAHO BlilAHO ~e "13 p1i1c. 49. B HlilX HeT OTAenbHblX nepeXOAOB - 3Mli1TTep-6a38 Iii 

6a3a-KonneKTop. TaK Ha3blBaeMoe Teno TpaH31i1CTopa npeACTaBnsieT co6oVI MaTep1i1an 

nonynpOBOAHlilKa OAHOVI npoBOAlilMOCrn (B cny1.1ae, KOTOPblVl Mbl paccMaTplilBaeM -

n~npoBOA"1MOCTli1) "1 SIBnSl0TCSI npoBOASIUJ,lilM KaHanoM AflSI TOKa BO BHewHeVI u,en1i1 (OTKy

Aa Iii Ha388Hli1e - KaHanbHblVl TpaH3"1CTOp). '-IT06bl ASnbwe He nYTBTbCSI B TepMlilHax, 

HaJJ.O 3anOMHli1Tb, "!TO y noneBblX TpaH3"1CTOpOB TP"1 "1X 3neKTPOAa Ha3blB8IOTCSI li1H8Ye, 

YeM y 61i1nonsipHb1x. To, YTO y 61i1nom1pHblX TpaH31i1CTOPOB Ha3blBaeTcsi 3M1i1nepoM, y m::>
neeb1x Ha3btBaeTCSI "1CTOKOM, TO, "!TO KOnneKTOPOM,- CTOKOM, a ponb 6a3bl BblnOnHSleT 

3aTBOp. lllMeHHO TaK Ha HaweM p1i1cyHKe (p1i1c. 49) Iii o603HaYeHbl 3Tli1 311eKTPOAbl. 

1113 p1i1cyHKa SICHO BlilAHO, "!TO eAli1HCTB0HHOVl npoBOASIUJ,eV! u,enblO TpaH31i1CTOpa SIBnSl

eTCSI K8H811 B Tene TpaH3"1CTOpa, a 1113 3TOro nerKO nepeV!rn K 3aKnlOYeHli1IO, "!TO TOK BO 

BHeWHeVI u,en1i1 np1i1 Heli13MeHHOVl Ben1i11.11i1He HanpS1)1(0Hli1SI lilCTOYHli!Ka n1i1TaHli1SI MO)l(ST on

peAenSITbCSI li1CKnlO"lli1TenbHO B0111i1"lli1HOVI BHYTPSHHero conpornBneHlilSI KaHana. Ill ~ co

BCeM nerKO AOra,o,aTbCSI, "!TO B 3TOM cny1.1ae ynpaBJlSITb TOKOM 1.1epe3 TpaH31i1CTOP MO)l(HO 

TOnbKO nYTeM li13M0H0Hli1SI 3TOro BHYTPSHHero conpornBJ10Hli1SI, "!TO Ha npaKrnKe Iii ocy

w,eCTB11SleT ynpaB11SllOUJ,li1Vl 3neKTPOA - 3aTBOp. 

CmoK ([) 

\ 

ru2Ha11 

RHazp no11e{jou mpaH3ucmop 
c KaHa110H n-muna 

rt=T CmoK 
3am{jop ~ J1cmoK 

P111c:. 49. CxeMl3rn'leCKoe ycTpoir1cTso no11esoro (KaHaJlbHOro) TpaH3111CTOpa 
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A Tenepb nocM0Tp11tM, KaK ycTpoeH 1.1 pa6oTaeT no11eeoii1 TpaH311tCTop. n11aCT11tHKa 1113 

no11ynpOBOAH11tKa lltMeeT Ha npOTlllBOnOJ10)1(HblX KOHL.lax BblBOAbl 3/leKTPOAOB (lllCTOK -

CHlll3Y Ill CTOK - ceepxy). B 1..1enb lltCTOYHlllKa n11tTaH11ts:I co CTOPOHbl CTOKa BKnlOYeH pe3111c

TOp Harpy3Klll RH. BAO/lb Tpa311tCTOpa, no KaHany, npoTeKaeT TOK OCHOBHblX HOC11tTe11eii1 

(e HaweM cnyYae - 311eKTpOHOB). 

BxoAHas:i (ynpas11s:110w,as:i) 1..1enb TpaH311tCTopa (saTeop) npeACTaens:ieT co6oii1 30HY 

c nporneono110)l(HblM TlllnOM npOBOAlllMOCTllt - B HaweM cnyyae c npoBOAlllMOCTblO 

p-rnna. "'1CTOYHlllK n111TaH11ts:I BXOAHOVI 1..1en111 (E1) C03AaeT Ha eAlllHCTBeHHOM p-n-nepe

XOAe o6paTHoe (san111pa10w.ee) Hanps:i)l(eH111e. 

nocneAOBaTe/lbHO c 3TlllM lllCTOYHlllKOM nOCTOS'IHHOro Hanps:i)l(eHlllS'I 06blYHO BKnlOYa

IOT Ill lllCTOYHlllK nepeMeHHOro Hanps:i)l(eHlllS'I none3HOro ClltrHana, YT06bl ee1111tY11tHa CyM

MapHoro 3an111pa10w.ero Hanps:i)l(eH111s:i onpeAe11s:111acb TOllbKO 1113MeHeH11teM aMnlllllTYAbl 

BXOAHOrO ClllrHana. no cyw,eCTBY TOYHO TaK )Ke, KaK 3TO 6blJ10 B 1..1en111 ynpaBJ1RIOW,eii1 

ceTKlll naMnoeoro Tp11t0Aa. 

CMblCJ1 npOlllCXOAS'IW.lllX B noneeoM TpaH3111CTOpe npo1..1eccoe CBOAITTCS'I K ClleAylOw,e

My: no Mepe yee11111YeH111s:i BXOAHOro HanpR>KeH111R Ha aaTeope aan111pa10w,111ii1 cnoii1 p-n-ne

pexoAa craHOBlllTCs:i rnnw.e, a nonepeYHoe ceYeH111e npoaoAs:iw.ero KaHana - cooTBeT

CTBeHHO TOHbWe, BCJ1eACTB11te Yero conpOTlllB11eH111e KaHana yee11111Y11tBaeTCS'I, a 3HaYlllT, 

TOK BO BHeWHeii1 1..1en111 yMeHbWaeTCS'I. npw AOCTaTOYHOM 60/lbWOM BXOAHOMt Hanps:i)l(e

Hl-1111 KaHan 6yAeT nOJ1HOCTblO nepeKpblT 3an111pa10W,lllM noneM 3aTBOpa Ill TOK yepe3 TpaH-

3111CTOP npeKpaTlllTCS'I. 

liT06b1 ecs:i 3Ta saMeYaTenbHas:i Teop111s:i oKa3anacb pean1113oeaHHoii1 Ha npaKT111Ke, no

Tpe6osanocb BblnOJ1HlllTb HeCKO/lbKO yc11oe111ii1. 

Ans:i s¢¢eKTlllBHOrO B03Aeii1CTBlllS'I «3an111pa10w,ero nO/ls:I» MaTep111an OCHOBHOro nony

npOBOAHlllKa AOll:>KeH 6b1Tb AOCTaTOYHO BblCOKOOMHblM, c He3HaYlllTeJ1bHOii1 KOHL1eHTpa-

1..1111eii1 np111Mec111. Ho rnaeHoe - HaYanbHas:i To11w.111Ha npoeoAs:iw.ero KaHana (np111 Hyne

eoM Hanps:i)l(eHllllll Ha 3aTeope) He AOJ1)1(Ha npeBblWaTb ••• HeCKO/lbKO MlllKPOH! "'1MeHHO 

3n1M nocneAHlllM o6CTOS'ITeJ1bCTBOM 06bs:ICHS'leTCS'I TOT ¢aKT, YTO noneBble TpaH3111CTOpbl 

CMOr/1111 nOS'IBlllTbCS'I Ha ceeT TO/lbKO nocne ycoeepweHCTBOBaHlllS'I npOMblWJ1eHHO-npo1113-

B0ACTBeHHblX MlllKPOTeXHOJ10rlllii1, n03BOJ1s:llOW,lllX onep111poeaTb c MlllKPOHHblMlll ee11111-

Y11tHaM11t. 

l.!To KacaeTCs:i npaKT111YecKoro ycTpoVICTea 11111111 KOHCTPYKL.1111111 noneeblx TPaH3111CTopos, 

TO OHlll sae11tCSIT OT TeXHOJ10r11t111 npOlll3BOACTBa Ill cyw,eCTeeHHO pa3J11!1YalOTCS'I. "'13BeCTHbl 

CJ1eAYIOW.11te BlllAbl TeXHOJ10rll'lii1: cnnaeHas:i, A11t¢¢y31110HHas:i, A11t<l><l>Y31110HHO-cn11aeHas:i, 

nnaHapHas:i, 3m1TaKc111a11bHas:i, n11aHapHo-sn111TaKc111a11bt1as:i, M,D.n (11111111 MOn) TexHo

norns:i c 11130/llllPOBaHHblM 3aTBOPOM, TeXHOJ10rllls:I c lllHAYLllllPOBaHHblM (lllHBepe11toHHblM) 

KaHanoM 111 ps:iA AP· 

Bee 3TO, KOHeYHO, OYeHb lllHTepeCHO, HO ropa3AO Ba>KHee TOT ¢aKT, YTO B noneBblX 

TpaH3111eTopax nOJlHOeTblO yeTpaHeHbl see HeAOCTaTKlll 6111nons:ipHblX TpaH311teTopoe 

(no cpaeHeH11110 c PaA11tonaMnaM111), a see AOeTOlllHCTBa coxpaHeHbl 111 Aa>Ke np111yMHO
)l(eHb1. 

Ha OAHOM 1113 OYepeAHblX 3aHS'ITlllVl Mbl o6s:i3aTeJ1bHO sepHeMes:i K 3TOii1 TeMe Ill pac

CMOTPlllM eonpOCbl npaKTlllYeCKOro 111cnOJ1b30BaH11ts:I KaK 6111no11s:ipHblX, TaK Ill noneBblX 

TpaH3111CTOpOB, a ceii1Yae lltMeeT eMblCJl BePHYTbCSI HeMHOrO Ha3aA Ill paeCMOTpeTb e Ma

TeMaT11tYeeKOii1 eTOPOHbl B3alllM03aB11te11tMOCTlll TOKOB Ill Hanps:i)l(eH111ii1 y 6111nons:ipHblX 

TpaH3111CTOPOB Ill pa3J1111YHble cxeMbl lllX BKnlOYeHllts:I. 

CaMoe nepeoe 111, no)l(anyii1, eaMoe eyw.eeTBeHHoe om111Y111e e 01..1eHKe napaMeTpoe 

6111nons:ipHblX TpaH3111eTOPOB OT PaAlllOJlaMn eOCTOlllT B TOM, YTO AJls:I JlaMn np111 lllX BKnlO

YeHllllll no cxeMe c 06w.111M KaTOAOM Kos¢¢1111..1111eHT yc11111eH111s:i 11aMnb1 onpeAens:ieTes:i 

1113 ¢opMynbl: 
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Ansi 6111nonsipHOro TpaH3111CTOpa 3Ta Q>opMyna Henp111eMneMa, nOCKOnbKY B TpaH3111C

TOpe ynpaeneHllle KOn!leKTOpHblM TOKOM ocyU,\eCTBnSleTCSI He 3a C"leT np111no:>1<eHHOro 

K 6a3e Hanpsi:>1<eH111S1, a 3a c1.1eT 1113MeHeH111S1 een1111.1111Hb1 6a3osoro TOKa. 

noaTOMY K03Q>Q>1111..1111eHT yc111neHlllSI TpaH3111CTOpa, BKnlOL!eHHOrO no cxeMe c 06LI.\lllM 

3Ml/ITTepoM, onpeAensieTCSI KaK OTHOWeH111e np111paU,\eHl/ISI KonneKTOpHoro TOKa K Bbl-

3easweMy ero np111paU,\eHllllO TOKa e 1..1en111 6a3bl. B 0Tn1111.1111e OT naMn, 3TOT KoaQ>Q>1111..1111eHT 

AflSI TpaH3111CTOpOB o603Ha1.1aeTCSI rpe1.1eCKOlii 6yKBOlii p (6eTa) Ill BblrnSIAlllT TaK: 

P = MK np111 UKS = const. 
AU5 

0AHaKO BO MHOrlllX cnpaBO"IHlllKax BMeCTO 3TOro noKa3aTensi MO:>KHO BCTpeTlllTb APY

rolii KoaQ>Q>1111..1111eHT yc111neH111S1, o6o3Ha1.1aeMb11ii rpe1.1ecKolii 6yKeol.ii a (anbQ>a), KOTOpb1lii 

xapaKTep1113yeT yc111neH111e rpaH3111CTopa, BKn101.1eHHoro no cxeMe «C 06LI.10lii 6a3olii». KoaQ>

Q>1111..1111eHT TaKoro KaCKSAS MeHbWe 0AlllHllll..lbl, XOTSI Ill O"leHb He3Ha"llllTenbHO. Ho Me)l(Ay 

3TlllMlll ABYMSI K03Q>Q>1111..1111eHTaM111 CyU,\ecreyeT OAH03Ha"IHaSI B3al/IMOCBSl3b, n03TOMy, 

3Hasi OAlllH 1113 HlllX, nerKo onpeAenlllTb APYrolii, socnonb30eaew111cb cneAYIOLI.\lllMlll OTHO

weH111S1M111: 

J3 a. 
«=1+p' a P=1-a.· 

TaK, K np111Mepy, TpaH3111CTOp, 111Me10LI.11111.ii s cxeMe c 06LI.1elii 6aaol.ii KoaQ>Q>1111..1111eHT 

yc111neHl/ISI a. = 0,98, B cxeMe c o6U,\lllM 3Ml/ITTepoM 6yAeT lllMeTb K03Q>Q>1111..1111eHT yc111neHlllSI 

p:: 0,98 - 0,98 = 49, 
1-0,98 0,02 

a KoaQ>Q>1111..1111eHTY 0,99 6yAeT COOTBeTCTBOBaTb K03Q>Q>1111..1111eHT 99. TaKl/IM o6pa30M, "leM 

6n111:>1<e K 0AlllHlllL.10 K03Q>Q>1111..1111eHT anbQ>a, T0M 6onbwe K03Q>Q>1111..1111eHT 6eTa. 0"10Hb "laCTO 

B cnpaBO"IHOJii nlllTepaTYpe BMeCTO «6eTa» np111MeHSllOT TepMlllH «CTaTlll"leCKllllii K03Q>

Q>llll.lllleHT nepeAa"ll/I B cxeMe c 06U,\lllM 3MlllTT0p0M», "ITO no CyU,\eCTBY OAHO Ill TO :>Ke. Ansi 

6onbWlllHCTBa xopow111x coepeMeHHblX 6111nonsipHblX TpaH3111CTOpOB 3TOT K03Q>Q>1111..1111eHT 

ne:>Kl/IT B npeAenax OT HeCKOnbKlllX AeCSITKOB AO HeCKOnbKlllX COTeH, AOXOASI y H0KOTOPblX 

rnnoe AO TblCSl"llll (Hanp111Mep, y TPaH3111CTOpOB KT342B, KT3102r Ill KT3102E) Ill Aa:>K0 AO 

nonyrnpa TblCSl"I (2T3175A). 
B 3TOM CMblcne cospeMeHHble 6111nonsipHble TpaH3111cropb1 He TOnbKO He YCTYnaJOr 

naMnOBblM TPlllOASM, HO 111 cyU,\ecraeHHO 111x npesocxoAS1T. 

B npaKT1111.1ecKolii P8AlllOn106111TenbCKOlii pa6ore HaeepHsiKa np111AeTcsi 111cnonb3osa1 o 
pa3Hbl0 CX0Mbl BKnl0"10HlllSI TpaH3111CTOPOB, no3TOMY celii1.1ac pacCMOTplllM Ka)l(AylO 1113 1.1e

Tblpex B03MO:>KHblX cxeM. C caMolii npoCTolii 111 Ha1116onee pacnpoCTpaHeHHOlii Mbl y:>1<e 1.1a

CTlll"IHO 3HaKOMbl: 3TO cxeMa c 06U,\lllM 3MlllTTepoM, HeCKOnbKO eap111aHTOB KOTOpolii 

111306pa:>1<eHbl Ha p111c. 50. 
3Ta cxeMa nO"ITlll nonHOCThlO aHanOrlll"IHa cxeMe Ha naMnOBOM TPlllOA0 c 06U,\lllM KaTo

AOM KaK no Ha3Ha1.1eH11110, TaK 111 no OCHOBHblM napaMeTpaM 111 aae111c111MOCTS1M. EA111HCTBeH

Hoe OTnlll"lllle COCTOlllT B cnoco6e nOAa"llll Ha1.1anbHOro CM0U,\0HlllSI. Ha p111c. 50,a,6,s -
TPlll TaKlllX pa3HblX eap111aHTa. nepBbllii ~13 HI/IX (a) MO:>KHO Ha3BaTb KnaCClll"10CKlllM. 3A0Cb 

Ha"lanbHOe CM0LI.\0Hlll0 Ha 6a3y 3SAaeTCSI p03111CTOpHblM A8n111reneM, 06ecne1.1111ea10U,\lllM 

npaKTlll"10CKlll He3aBlllClllMYIO OT BXOAHOro ClllrHana Ill CTa6111nbHYIO senlll"llllHY 3TOro CMe

U,\0HlllSI. 

EA111HCTeeHHbllii HeAocraToK TaKoro cnoco6a - e c111nbHOM wyHT111poeaH111111 BblXOAa 

npeAb1AYLI.10rO KaCKSAa 111n111 BXOAHOro ClllrHana. 06bSICHSl0TCSI 3TO T0M, "ITO AflSI nepe. 

M0HHOJii COCTaBnSllOU,\elii BXOAHOro ClllrHana o6a pe31/1CTOpa Aen111Tensi BKnlO"leHbl napan

nenbHO, a cneAOBaTenbHO, 111x 06LI.1ee conpoT111eneH111e 6yAeT MeHbwe conporneneH111si 

Ha111MeHbWero 1113 HI/IX. 
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a) 6) B) 

P111c. 50. Cnoco6b1 noAal.jl/I Ha<janbHoro cMew,eHlllR Ha 6a3y 6111nonsipHoro TpaH3111CTopa: 

a - c hoMOLl.lblO noTeHu,1110Merp1111.jecKoro Aen111Tensi; 6 - c noMOLl.lblO nocn0AOBaTenbHoro ccracsi11tero• 
pe3111CTopa; B - c OAHOBpeMeHHblM oxsaTOM KSCKaAa OTplllu,aTenbHOA o6paTHOA CBA3bl0 

TaKYIO cxeMy ~enecoo6pa3HO np111MeHHTb raM, rAe BblXOAHOe conpor111eneHHe 
npe,D,blAYll.lero KaCKa,D,a 111n111 lilCTO'IHMKa ClilrHana MeHbWe Hnlil, no Kpat1Het1 Mepe, He npe
BblWaeT conpoTMBneHMH HalllMeHbwero 1113 ,D,Byx pe3HCTOPOB 6a30BOro ,o,en111TenH. 

BTopaH cxeMa (6) 111MeeT 3Ha'l111TenbHO 6onbwee exo,o,Hoe conpoT111eneH111e, HO e 3T0'1 
cxeMe eenM'IMHa CMell.leHlllH Ha 6a3e He OCTaeTCH nOCTOHHH0'1, a ClilnbHO ?aBlllClllT OT 

lil3MeHeHM'1 TOKa 6a3bl. 3ry cxeMy ~enecoo6pa3HO HCnOnb30BaTb B KaCKSASX c ManblMH 
lil3MeHeHlllHMlil YPOBHH nepeMeHHOH COCTaBnHIOll.leti ClilrHana, Hanp111Mep B «MlilKpocj>oH
HblX» yc111n111TenHx HL! 111n111 KacKa,o,ax YBL!. 

TpeT111'1 eap111aHT om111'laeTCH OT eroporo reM, 1.1to ueepxH111'1» (ropH1.1111t1) BblBOA 6aao

eoro pe3111cTopa no,o,KnlO'leH He K MCTO'IHMKY KonneKtOpHoro n111TaHHH, a Henocpe,o,

CTBeHHO K BblBOAY KOnneKTOpa. B 3TOM cny'lae B ~enb 6a3bl noMHMO noCTOHHHOti co

OT8BnHIOll.le'1 TOKa CMe11.1eHMH B03Bpa11.1aerCH H "laCTb yc111neHHOt1 nepeMeHHO~ COCTaB
nHIOll.leH ClilrHana, nplilTOM B npOTlllBOcj>a3e, '!TO paBHOCHnbHO OXBaTblBaHMIO KaCKa,D,a 

oTpl.1~aTenbH0'1 o6paTH0'1 CBH3bl0 no HanpH:>KeH11110. TaKaH otlparHaH CBH3b, c 0,11,Hoti 

CTOPOHbl, HeCKOnbKO CHlll>KaeT 0611.1111'1 K03cj>cj>lll~lileHT ycHneHMH KaCKa,D,a, HO c ,o,pyrot1 
CTOPOHbl, cy11.1ecTB0HHO yMeHbWaeT HenMH0HHble lilCKa:>KeHMH Iii 'laCTH'IHO pacwHpHeT 

,11,111anaaoH nponycKaeMblX 'lacror 3a C'leT yMeHbWeHMH HepaeHoMepHOCTM ALIX. 
3ToT eap111aHT cxeMbl 6onee ecero np111ro,o,eH ,o,nH KacKa,o,oe ycHneHHH HanpH:>KeHMH 

e YHL! e ~enHx c Manb1M111 ypoeHHMlil noneaHoro c111rHana. 

CxeMa, 111306pa:>KeHHaH Ha p111c. 51, Ha3blBaeTCH cxeMot1 c 0611.1111M KonneKTOPOM Hnlil 
(no aHanor111111 c naMnOBblM K8TOAHblM noeTop111TeneM) - 3MMnepHblM noBTop111TeneM. 

Cnoeo «noeTop111renb» oTpa>KaeT TOT cj>aKT, '!TO c111rnan Ha eblxo,o,e KacKa,o,a no'ITlll non
HOCTblO nOBTOpHeT BXO,D,H0'1 CMrHan KaK no aMnn111ry,o,e, TaK Iii no cj>aae. no'ITH - 3TO 03-

>-I 
Bxoa 

~ 
8blxoa 

P111c. 51. BKfl101.jeH111e TpaH3111cTopa 
no cxeMe c 06w,111M KonneKTopoM 

(OK) 
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Ha'!aeT, '!TO K03cj>cj>M~lileHt nepe,o,a'IM KaCKa,D,a no Ha

npH:>KeHllllO 0'10Hb 6nlr130K K 0,D,lllHlll~e. 
Ho TOr,D,a B03Hlr1KaeT BnOnHe 3aKOHHbl'1 eonpoc: 

a 38'!eM Hy>KeH TaKoti KaCKa,D,, ecn111 OH He lil3M0HHeT 
BXO,D,HOrO CMrHana? Bonpoc 3aKOHHbl'1, HO OH He Y'!lil
TblBaeT 0,D,HOro 0'10Hb Ba:>KHOro o6CTOHTenbCTBa. y Kac

Ka,D,a c aM111nepHblM noeTop111TeneM exo,o,Hoe 111 Bbl
xo,o,Hoe conpOTlllBneHlllH pa3nlil'lalOTCH B ,o,eCHTKlil, a TO 
Iii B COTHlll paa, np111 3TOM BXO,D,HOe conpOTMBneH111e 
nOBTOPMTenH - O'leHb BblCOKOe Iii MO:>KeT ,D,OCTMraTb 
3H8'leHM'1 B COTHlll KlilnOOM (a Ha noneBblX TpaH3MC
TOpax - ,D,0CHTKlll MeraoM), TOr)J.a KaK BblXO,D,HOe co

npOTMBneH111e pe,D,KO npeBblWaeT 0,D,lilHlil~bl KlilnOOM, 

n03TOMY aM111nepHbl'1 noeTop111Tenb Hepe,D,KO Ha3brea
IOT «TpaHccj>opMaTopoM conporneneH111'1». 



OCHOBHOe, ecm'1 He eAIAHCTBeHHOe, Ha3Ha

'leHIAe 3MIATTepHoro nOBTOPIATem1 - CllY>KIATb 

6yQ>epoM (pa3Ae111ATeneM) Me)l(Ay IACTO'lHIA

KOM CIArHana c 6onbWIAM BHYTPeHHIAM conpo

TIABlleHIAeM IAJ11A pe30H0HCHOiii CIACTeMoiii c Bbl

COKOiii A06pOTHOCTblO IA KaCKaAOM C MaJ1blM 

BXOAHblM conpOTIABlleHIAeM. 

CxeMa Ha p1Ac. 52 Ha3blBaeTcsi t:xeMoiii 

c o6ll.leiii 6a30iii. B o6blYHOiii PSA 6blTOBOro Ha-

3HaYeH1AS1 (nplllBMHIAKax, MarHIATOQ>OHBX, t>Ha 

nplAMei-lsieTcsi 3Ha'llAT011bHo pe>1<e, r..ieM ABe 

npe,11,blAYll.\IAe, nplA 3TOM npelllMYll.\eCTBeHHO 

BO BXOAHblX u,ensix IA npeo6pa30BaTenSIX 'lac

TOTbl Ha YKB AIAana3oHe. TaKoe IA361ApaTenb

Hoe nplAMeHeHIAe 06ycno1meHo cneu111Q>111Yec

KIAM1A oco6eHHdCTSIMIA caMoiii cxeMbl. 

LfYTb paHbWe Mbl y>Ke ynOMIAHalllA 0 TOM, 

'lTO K03Q>Q>1A~IAeHT nepeAa'llA cxeMbl c 0611.\eiil 

':1KB 

P1.1c. 52. BKn10'leH1.1e TpaH31.1CTopa 
no cxeMe c o61.1.1Elf.\ 6asof.\ (06) 

6a3oiii 'lYTb MeHbWe eAIAHIA~bl IA Bblpa>KaeTCSI KOSQ>Q>IAU,IA0HTOM a (0111>Q>a). JJfSI xopOUJIAX 

COBpeMeHHblX TpaH31ACTOPOB 3TOT KOSQ>Q>IA~IAeHT MO>KeT Bblpa>KaTbCSI 'llACJ1aMIA 0,995 
IA Aa>Ke 6011bWe. 

OCHOBHble npelAMYll.\eCTBa TaKoiii cxeMbl - HIA3KaSI BelllA'llAHa npoXOAHOiii eMKOCTIA IA 

HIA31<oe BXOAHOe conpornBneHIAe - rapaHrnpyioT cta61AnbHOCTb Kacl(aAa YBLf AS>Ke np1A 

nonHOM (He YaCTIA'lHOM) BK1110YeH1A1A peaoHaHcHoro KOHTYPa B KonneKTOPHYIO ~enb; i.iTo 
oco6eHHO Ba>KHO IAMeHHO Ha caMbl>t BblCOKIAX 'laCTOTax Bell.\aTellbHOro AIAana3oHa 

(YKB). 

B npaKrn'leCKIAX PM1AOnp1AeMHb1x ycTpoiiicTeax YacTo BCTpeYaeTcsi KOM61AHa~1AS1 IA3 

AByx KaCK0AOB: no cxeMe c 0611.\eiii 6a3oiii IA no cxeMe c 0611.\MM SMIATTepoM. TaKoiii TaH

AeM nony'llAJl Ha3BaHIAe KaCKOAHaSI cxeMa. 0Ha opraHIA'leCKIA CO'leTaeT B ce6e AOCTOIAH· 

CTBa d6elAX cxeM, 0611aAaS1 BblCOKIAM BXOAHblM conpt>tllllH1eHIA9M, Manoiil npoXOAHOiii 

eMl<OCTblO, 6011bWIAM K03Q>Q>IA~IAeHTOM YCIAlleHIASI no MOll.\HOCTl.f IA BblCOKOiii CTa6111m;-

HOCTblO IA He «HaClleAyeT» HeAOCTaTKlil KS>KAOiii IA3 

AByx cxeM. Ha p1Ac. 53 nplABeAeHa nonHasi rnno

Basi cxeMa BK11IO'l9HIASI ABY'X TP8H31ACTOPOB no KaC

KOAHOiii cxeMe B YCIA111'1Tene BblCOKOiii 'laCTOTbl. 

8 6011bWIAHCTBe lllATepaTYPHblX IACTO'lHIAKOS 

06bl'lHO orpaHIA'llABalOTCSI paccMOTpeHIA0M Tpex 

OCHOBHblX cxeM BKlllO'leHIASI TpaH31ACTOPOB: c 06-

11.\IAM 3MIATTepoM (OS), 0611.\IAM KOJ1J1eKTOPOM (OK) 

IA 0611.\eiii 6a3oiii (06). Me>KAY TeM Cyll.\eCTByeT 

ell.le OAHa pa3HOBIAAHOCTb BK11IO'l0HIASI, npeACTaB
J1SllOll.\0SI co6oiii KaK 6b1 KOM61AHa~1AIO cxeM OS IA OK. 

STo cxeMa c TaK Ha3blBaeMblMIA pa3AeneHHblMIA 

HarpyaKaMIA. 0Ha nplABeAeHa Ha PIAC. 54. 
Cyll.\HOCTb 3TOiii CXeMbl COCTOIAT B TOM, 'lTO IA B 

~enb KOJ111e1<TOpa, IA B ~enb 3MIATTepa BKJllO'leHbl 

ABB CaMOCTOSITellbHblX pe31ACTOpa Harpy3klA. nplA 

OAIAHaKOBOiii a6COJ1IOTHOiii BelllA'llAHe conpOTIAB-

11eHIASI 3TIAX pe31ACTOPOB npOT0KBIOll.\1Aiii 'lepe3 HIAX 

OA"1H IA TOT >Ke 0611.\IAiii K01111eKTOpHbliii TOK C03A80T 

P1.1r. !'>~ kar:KOAHaSl cxeMa RKnk'i'leHl.111 Ha HIAX OAIAHBKOBble no BelllA'llAHe na,Q~HIASI Ha-
l PiH131.1C IOPOR npmKeHIASI, pa3J11A'lal0ll.\IA0CSI Me)l(Ay co6oiii Q>a3oiii. 
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> 
801xoa JI..,. 

8blxodI"' 

CABlllr cj:>a3bl Me>KAY HlllMlll COCTaBJlReT POBHO 
180°, YTO noaeonReT Haab1eaTb TaKoill KaCK0A 

cj:>a30lllHBepTOpOM. 

4>a30lllHBepTOPHblill KaCKaA Heo6XOAlllM B 

Tex cnyYaRx, KOrAa B03HlllKaeT noTpe6HOCTb 

nepeXOA8 OT OAHOTaKTHOill cxeMbl yc11111eHlllR 

K AByxraKTHoill. ""lall.\e ecero TaKaR noTpe6-

HOCTb B03HlllKaeT B OTHOClllTeJlbHO MOll.\HblX 

yc11111111re11RX Hlll3KOi!l YaCTOTbl (YH'-1). 

P111c. 54. T111noeasi cxeMa KaCKOAHOro YBl.f 

Oroeop111MCR, "!TO nocK011bKY y mo6oro 6111-

nonRpHoro TpaH3111CTOpa TOKlll K01111eKTOpa 

Ill 3MlllTiepa OT11111"1alOTCR Ha ee111111.1111Hy TOKa 

6a3bl, TO AJ1R no11y1.1eHlllR OAlllHaKOBblX HanpR

)KeHlllill Ha AByx pea111cropax HarpyaK111 A011>KHbl 
B peanbHOM np111eMH1<1Ke COOTBeTCTBeHHO paa111111.1aTbCR Ill Be11111"1111Hbl 

conpoT111e11eH111~ 3T111x pea111cTopoe. Pea111cTop 

B 3MlllTiepHO~ uen111 A011>KeH 6b1Tb "IYTb noMeHbWe pe3111CTopa B K01111eKTOPHO~ uen111, 

nOCKOJlbKY TOK 3Mlllnepa "IYTb no6011bwe TOKa K01111eKTopa. 

BOT Ha 3TOM, nO)KaJJyl1, Mbl ceroAHR Ill OCTaHOBlllMCR. 

YpoK 2. LIOCTOMHCTBA 11 HFLIOCTATKM 
CYnEPI'ETEPOLIMHHOro 

METOLIA nPMEMA 
611arono11y1.1Ho paao6paew111cb c np111Hu111n111a11bHO~ cxeMo~ cynepreTePOAlllHHoro 

np111eMHlllKa, Mbl aaOAHO np111w11111 K BblBOAY. "ITO cyneprerepOAlllHHbl~ np111eMHlllK npeeoc

XOAlllT np111eMHlllK npRMOro yc11111eHlllR no BCeM CTaTbRM. 

y Hero Ill "IYBCTBlllTeJlbHOCb MO>KHO yee111111.1111eaTb aa C"leT 1.1111c11a K8CK0AOB Yn'-1, He 

60RCb caMOB036y>KAeHlllR Ill o6XOARCb np111 3TOM T011bKO CABOeHHblM nepeMeHHblM KOH

AeHCaTOpOM, Ill 111a6111paTe11bHOCTb cj:>opM111poeaTb nO"ITlll lllAeaJlbHYIO npRMOyrOJlbHylO, 

111cno11b3yR no11ocoeble cj:>11111bTpbl 11111111 CJ>CC, 111 yc11111eH111e OKa3bleaeTCR no1.1T111 paeHOMep

HblM Ha ecex Bell.\aTe11bHblX Alllana30HaX. 

no11y1.1aeTCR TaK, "ITO y Hero B006ll.\0 HeT HlllKaKlllX HeAOCTaTKOB? He 6yAeM cneWlllTb 

c BblBOAaMlll, a 11Y"!We npoeeAeM He60J1bWO~ MblCJleHHbl~ 3Kcnep111MeHT. nocraBlllM 

Ha crone PRAOM ABa np111eMHlllKa - npRMoro yc11111eH111R 111 «cynep» (TaK y P0Alll011io6111Te-

11el1 nplllHRTO Ha3blBaTb cyneprerepOAlllHHblill np111eMHlllK). BK11IOYlllM lllX Ha OAlllH Ill TOT >Ke 

Alllana30H (K np111Mepy, Ha KB) Ill HacrpOlllM Ha np111eM OAHOill 111 TO~ )Ke CT8HUllllll Ha 1.1acro

re, CKa>KeM, POBHO 10 000 Kru. 

06a np111eMH111Ka cnpae11111111cb c 3TO~ 30Aa"le~ ycneWHO 111 npaKT1111.1ecK111 OAlllHaKoeo 

npaBAa, c He6011bWlllM pa311111YllleM B caMO~ TeXHlllKe npllleMa. B np111eMHlllKe npRMOro 

yc11111eH111R 3TOT c111rHaJJ nocne yc11111eH111R no B'-1 e He111aMeHHOM BlllAe 6b111 nOABeAeH K 

AereKTopy, a e «cynepe» oH 6b111 npeAeap111Te11bHO npeo6paaoeaH e c111rHa11 n'-1, AJ1R 

Yero Mbl ero «CMeWaJllll» c ClllrHa110M MeCTHOro rerepOAlllHa. 

KaKoea e AaHHOM cnyyae 6b111a Yacrora rerepoA111Ha, ec11111 npoMe)l(YfOYHaR Yacrora 

e HaweM «cynepe» eb16paHa paeHoill 460 Kru? Sro He eonpoc, 3TO Mbl y>Ke npoxoA11111111. 

0Ha AOJl>KHa 6b1Tb 1111160 Ha 460 Kru BblWe, 1111160 Ha 460 Kru Hlll)Ke YaCTOTbl nplllHlllMa

eMO~ CTaHUllllll. 
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A YTO 11yYWe? B npli!HUll!ne 3TO 6e3pa3111i!YHO - MO)l(HO Iii TaK, Iii TaK. BIDKHO 111i!Wb, 

YT06bl pa3Hli!~ Me)l(Ay Hli!Mli! 6bl11a TOYHO 460 Kru. nOSTOMY YaCTOTY reTepOAll!Ha B AaH

HOM C11yYae MO)l(HO Bbl6paTb OAHY 1113 AByx: 

1) 1 o ooo + 460 = 1o460 Kru; 

2) 10 oo0-460 = 9 540 Kru. 

OcTaHOBli!MCfl Ha nepeoiii. lllraK, Mbl Cli!Ali!M 111 Hacna)l(AaeMcfl MY3b1KOiii, KOTOpasi OA

HOBpeMeHHO Iii OAli!HaKOBO eocnpo11!3BOAli!TCfl o60li!Mli! np111eMHli!KaMli!. 

Ho BOT npoXOAlllT HeCK011bKO Mli!HYT, 111 BAPYr 1113 «cynepa» Ha Q>oHe np0Ao11:>1<aiow,eiii

csi MY3b1Kli! 6oApbliii ro11oc Ali!KTOpa HaYli!HaeT paccKa3blBaTb HaM 0 TOM, KaK Iii KOrAa 11yY

we ecero cIDKaTb KapTOWKY. Aee pa3Hble CTaHu111111 pa60Ta10T OAHOBpeMeHHO Ha OAHOiii 

Iii TOiii )l(e B011He! 

XoTfl noYeMy )1(0 e STOM c11yYae np111eMHlllK npf!Moro yc111110H111si npoA011)1(aeT np111H111-

MaTb T011bKO OAHY «MY3b1KanbHYIO» CTaHUllllO 6e3 conpoBO)l(AeHlilfl 119KUll!lil 0 KapTOUJKe? 

HaYli!HaeM pa36111paTbCfl, Iii np111 3TOM B KOHUe KOHUOB BblSICHSleTCfl, YTO nepeAaYa 

o KapTowKe BeAeTCfl eoece He Ha YaCTOTe 10 000 Kru. a coeceM «B APyroM MecTe» -

Ha YaCTOTe 10 920 Kru. 

Ho KaK111M >Ke o6pa30M 3Ta «KapTOWKa» npo11e311a e cynep? A oYeHb npocrn. Ka1<. Mbl 

~e 3HaeM, OAli!HOYHbliii BXOAHOiii KOHTYP 0611a.QaeT eecbMa nocpeACTBeHHqiii 11136111pa

Te11bHOCTb10, oco6eHHO Ha KOPOTKll!X B011Hax, a YaCTOTbl 3Tll'1X ABVX CTaHu111iii pa3111i!YalOT

CSI ecero Ha 10%, nosTOMY ClilrHan «KapTOWKli!» XOTb Iii 6yAeT oc11a611eH, HO ace )1(9 no

naAeT Ha BXOA CMeCli!T911fl, np111 3TOM ec11111 Cll!rHan «KaPTOWKli!» B TOYKe np111eMa 6yAeT 

Cli!11bHee MY3b1Ka11bHOro Cli!rHana, TO li!X ypoBHli! Ha BXOAe CM0Cli!Te11Sl eno11He MOrYT OKa-

3aTbCfl ec11111 He paBHblMlil, TO, BO BCflKOM c11yYae, COll!3Mepli!Mb1Mli!. 

5011bwe Toro: «KapToQ>e11bHOiii» nepeAaYe eoece He o6R3aTe11bHO unpoH111KaTb» 

KO BXOAY CMeC111Te11fl Yepe3 BXOAHble KOHTypbl. OH M0)1(9T li!Cn011b30BaTb B KaYeCTBe 

np111eMHOR aHTeHHbl npoBOAHli!Kli! 111 AeTan111 e uen111 6a3bl (11111111 ynpae11siiow,eiii ceTKlil) ca

Moro CM0Cli!Te11Sl 11111111 reTepOAli!Ha, 11111111 CTaTOPHble n11aCTll'1Hbl nepeMeHHOro KOHA9HCa

Topa Iii TaKli!M nYTeM nonacTb Ha He11111HeiiiHbliii 311eMeHT CMeCITT011Sl. 

Aa11bwe Mbl 3HaeM, YTO «MY3b1Ka11bHbliii» KaHa11 C03AacT c YacToToiii reTepOAli!Ha 

npoMe)l(YTOYHYIO YaCTOTY, paeHylO fnPoM = 10 460 - 10 000 = 460 Kru. A c111rHan «Kaprnw

Kli!»? noCYli!TaeM: 

fnPOM = 10 920 - 10 460 = 460 Kru! 

KaK )1(0 TaK: ABe pa3Hble CTaHu111111 C03AalOT OAHY 111 TY >Ke npoMe>KYTOYHYIO Yacrnry. 

KaKlllM o6pa3oM? 

CaMblM ecTeCTBeHHblM o6pa3oM, noTOMY YTO npoM0>KYTOYHafl YaCTOTa - sTo pa3-

HOCTb YaCTOT npli!Hli!MaeMOR CTaHUlillil Iii co6CTBeHHOro reTepOAli!Ha, a KaKaSI 1113 3Tll'1X 

AByx YaCTOT Bb1W0, KaKaSI Hli!)l(e - He li!MeeT a6C011IOTHO Hli!KaKoro 3HaYeHli!Sl, no3TOMY 

11io6oiii cynepreTepOAli!H OAli!HaKOBO OXOTHO roTOB npli!Hli!MaTb Cli!rHanbl 11I06blX CTaH

Ulili-'1, 111i!Wb 6bl li!X YaCTOTa OTCTOS111a OT co6CTB9HHOiii YaCTOTbl reTepOAli!Ha Ha ee11111Y111Hy 

npoMe)l(YTOYHOiii YaCTOTbl. A Bb1W0 11111111 Hll1)1(9 - «Cynepy» 3TO ace paBHO. 

Ec11111 Ha Yli!CTOM 11111cTe 6yMar111 npoeecrn ropll130HTanbHYIO 11111H11110, 111306pID1<aiow,yio 

WKa11y YaCTOT, nocTaBll1Tb nocepeAli!He TOYKY 111 o603HaYll1Tb ee KaK «YaCTOTa reTepOAlil

Ha», TO c11eea OT 3TOiii TOYKll1 Ha pacCTOSIHlilll1, COOTBeTCTBylOw,eM 460 Kru. pacnOJ10)1(111T

CSI YaCTOTa OCHOBHOiii npli!Hll1MaeMoiii «MY3blKanbHOiii» CTaHUll1lil, a cnpaea Ha TOYHO Ta

KOM )1(9 paccTOSIHli!li! - «KapToQ>e11bHOiii». 

:3Ta BTOpasi «napa3111THafl» CTaHUli!Sl npeACTaB11Sl9T co6oiii KaK 6bl 39pKanbHOe OTpa

>K9Hll19 OCHOBHOiii CTaHUll1lil OTHOCli!T811bHO YaCTOTbl reTepOAli!Ha, Iii 111M9HHO TaKoiii TePMll1H 

y3aKOH9H CP8A111 npoQ>ecc1110Ha11oe. npli!HSITO roeopli!Tb, YTO nOMli!MO OCHOBHOl l) KaHana 

np111eMa y cynepreTePOAll1Ha cyw,ecTByeT 3epKanbHbliii KaHa11, 11136aBll1TbCSI OT KOTOporo 

H9B03MO)l(H0 Aa)l(e TeopeTli!Y9CKll1, nOTOMY YTO, nonae Ha BXOA CM9Cll1T911Sl, Clt1rHaJ1bl 
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0001.1x KaHanoe Bb1pa6aTbleaioT OAHY 1.1 TY >Ke npoMe>KYTOYHYIO YBCTOTY, Ha KOTopoi.1 o6a 

CHrHana 6yAyT Aa11bWe yc1.1111.1eaTbCR ...., AeTeKrnpoeaTbCR Ha paBHblX OCHOBaHl.1RX. 

TaK KaK >Ke ece-TaKl.1 Ha npaKT1.1Ke OTAe111.1Tb KOHuepT K11acc1.1YeCKOii1 MY3blKl.1 OT «Kap

Tocj>e11bHOM we11yx1.1»? Mo>KHO 6ea oco6oro TPYAa AOraAaTbCR, YTO ec111.1 y>K o6a c1.1rHa-

11a «A06paJ11.1Cb» AO CMeC1.1Te1IR, TO - Hl.1KaK. 3HaYl.1T, eAl.1HCTBeHHblM cnoco6 - :no He 

AOnycrnTb c1.1rHa11 aepKaJlbHOro KaHa11a KO BXOAY CMec1.1Te11R. ,lJ,nR 3TOro Hy>KHO, YT06bl 

BXOAHble uen1.1 npece11eKTOpa nponycKa111.1 c1.1rHa11 np1.1H1.1MaeMoii1 cTaHu1.11.1 1.1 He nponyc

Kan1.1 (1.1111.1 OYeHb Cl.111bHO OC11a611R1ll.1) Cl.1fHaJ1 OT cc3epKaJlbHOii1» CTaHUl.11.1. 

111HaYe roeopR, B cynepreTepOAl.1He B KOpHe noMeHR110Cb Ha3HaL1eH1.1e BXOAHblX 

uenei.1. Ec111.1 e np1.1eMH1.1Ke npRMoro yc1.111eH1o1R eecb B"l-TpaKT en110Tb AO AeTeKTopa 

6bl11 nOALll.1HeH OAHOM 3aAaLle - l136aBl.1TbCR OT noMeX co CTOPOHbl COC0AHl.1X CTaHUl.1ii1, 
TO B «Cynepe» 3Ta 3aAaYa nepenopyYeHa TpaKry npoMe>KyTOYHOii1 YaCTOTbl, a maBHOM 

3a60TOM BXOAHblX uenei.1 CTaHOBl.1TCR OTCTPOii1Ka OT CTaHUl.1M, OTCTORL1\l.1X OT np1.1H1.1Ma

eMOii1 no YacTOTe Ha paccTORHl.11.1, paeHOM YABOeHHOMY 3HaYeH1.110 npoMe:>KyrOYHoii1 

LtaCTOTbl. 

nonpo6yeM BblYl.1C111.1Tb, Ha KaKOM "13 Bell.\aTe11bHblX Al1ana30HOB (JJ.B, CB KB 1.1111.1 

YKB) 3TO npoll.\e o6ecneYl.1Tb? A aaOAHO 1.1 06bRCHl.1Tb- noYeMy? 

HO 3TOT H0AOCTaTOK «Cynepa» OTHIOAb He 0Al.1HCTBeHHblM. npOA011:>Kl.1M HaW 3KCne

J:Ho1M0HT, AllR Ltero y6epeM co CT011a np1.1eMHl.1K npRMOro yc1.111eHlr1R "' BM0CTO Hero no

eTaBlllM PRAOM BTOpoi.1 TOYHO TaKorli >Ke «cynep». BepHee, c OY0Hb He6011bWOii1 pa3Hlr1-

ueit ec111r1 y nepeoro YaCTOTY reTePOA"1Ha Ml:al Bb16pan"1 Bb1W0 LtaCTOTbl nplr1Hl/IMaeMOM 

CTaHUlr11.1, TO BO BTOpOM AllR pa3H006pa3111R CAe11aeM ee Hlr1>Ke - 3TO 6e3pa3111r1YHO. 

HacTpOl.1M l.1X, KaK Ill B nepBOM c11yL1ae, o6a Ha np1r1eM «MY3b1Ka11bHOM» CTaHUlr1111 "' 

y6eAl.1MCR, YTO ...., TOT, "' APYfOii1 BeAyT ce6R OAMH8KOBO. A Tenepb, He BblKlllO"laR nepeblii1 

n1:meMHlr1K, nepecrpo1.1M ernpoii1 np1.1eMHlllK Ha np111eM cj>yr6011bHOro MaTLta, KOTOpb1ii1 

TpaHCllHpyeT CTaHUl.1R Ha LtaCTOT0 B 920 tcru (3TO r,qe-ro 6111r1)1(e K cepe,l\1r1He cpeAHeeo11-

HOBOro AMana30Ha). 

Ho K8K T011bKO Mbl np1116111.131r1MCR K 3TOM CaMoii1 LISCTOTe, nepebli.1 np111eMHl.1K BApyr 

HSYHeT rpOMKO CBlr1CTeTb, H0 xy>Ke aBTOlr1HCneKTopa. T011bKO y 8BTOlr1HCneKTopa CBl.1CTOK 

CBl.1CT"1T Ha OAHOii1 YaCTOTe, a Mbl MO>KeM 38CT8Bl.1Tb nepebli.1 np1.1eMHlllK 3aJ11.1BaTbCR co-

110BbeM Ha ecex YaCTOTax 3BYKOeoro Alr1anaaoHa, AllR Llera HaM AOCTSTOLIHO LlyTb-YyTb 

BPBll.\aTb PYYKY HaCTpOii1Kl1 BTOporo np1r1eMHlr1Ka B pai.1oHe TOYHOM HacTpOMKH Ha LtaCTOTY 

920 Kru. 

"lro >Ke npo1r1cxoA1r1T e aTOM c11yYae? HaYHeM c BblL11r1c11eH1r1R YaCTOTbl reTepoA1.1Ha 

BTOporo npflleMHl/IKa. Ec111.1 np1.1Hl.1MaeMaR CTaHUl.1R pa6oTaeT Ha LISCTOTe 920 Kru. a ero 

npoMe>KYTOYHaR YaCTOTa paeHa 460 Kru. TO YaCTOTa reTepo.o,1.1Ha BTOporo np1r1eMHlr1Ka 

COCTaBl.1T 920 Ml1HYC 460, TO>Ke 460 Krul 

Hy 1r1 YTo? Paaee aTo aanpell.\eHo? H1.1cK01lbKO. 111 np1r1TOM ernpoi.1 np111eMHlllK npecno

KOMHO TpaHc111.1pyeT cj>yr6011bHblM MaTLI ...., He co61.1paeTCR CBl.1CTeTb. A CBlr1CTl.1T KaK paa 

nepBblii1 np111eMHl.1K, KOT0Pblii1 HOPMaJlbHO pa60TaJ1 "' He CBl.1CTe11, noKa HaM He B3AYMa

.1l0Cb nepecTpo1r1Tb BTopoi.1 np1r1eMHlr1K Ha Apyryio np1r1H111MaeMy10 cTaHu1.1io. 

B YeM 3AeCb Ae110? 0TllO>Kl.1M Ha HeKOTOpoe epeMR .D,a11bHei.1wee L1TeH1r1e ...., noweee

Ill/IM M03raMlr1. 

HaYH0M c Toro, YTO OTBernM Ha npocTOii1 eonpoc: reTepOAl.1H - 3TO LITO TaKoe? 1113-

eecTHOe Ae110, reTePOAl.1H - 3TO BblCOKOYaCTOTHblii1 reHepaTOp, C03Aal0ll.\lr1ii1 co6CTBeH

Hble BblCOKOYaCTOTHble K011e6aH1.1R, T. e. B HeKOTOpOM CMblC11e OH npRMOii1 POACTBeHHl.1K 

reHeparnpa HeCyll.\eM 11106oii1 HOPMaJlbHOii1 PaAlr10CT8HUl.11.1. 111 TOYHO TaK >Ke, KaK "' nepe
.o,aTYl/IK PaA1.1ocTaHu1.11.1, reTepOAl.1H 1r1a11yYaeT e npocTpaHcTeo HeMOAy111r1poeaHHble BL! 

Ko11e6aH1.1R, KOTOpb1e e np1.1Hu111ne Moryr 6b1Tb np1.1HRTb1 11106b1M APYrlllM eb1CoK0YyecTe1r1-

Te11bHblM np1r1eMHlr1KOM, oco6eHHO ec111.1 3TOT BTOpoii1 np1r1eMHlr1K HaXOAl.1TCR He Ha pac

CTORHl/llr1 B COTHlr1 Klr1110Merpoe OT nepeoro, a CTOl.1T PRAOM c Hl.1M Ha OAHOM CT011e, KaK 

e HaweM c11yyae. 
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A A8JlbWe npOl1CXOA11T C11eAYIO~ee: Ha H91111HeVIHOM 311eMeHTe CMeCl1Tem1 Hawero 

ccCBl1CTyHa» OKa3blBaeTCSI OAHOBpeMeHHO ~911blVI 6yKeT pa3HblX Cl1rHa110B - Cl1rHa11 

npl1Hl1MaeMOVI CT8H~l111 11 Cl1rHan co6CTBeHHOro reTepOA11Ha, KOTOpble o6pa3ylOT cyM

MapHblVI 11 pa3HOCTHblVI Cl1rHa11bl co6CTB9HHOVI npOM9>KYTO"IHOVI "18CTOTbl, OAHY 113 KO

TOpblX (460 Kr~) Bb1Ae11SleT 1-VI Cf>nLI, a TalOKe npl1HSITblVI 113 a<1>11pa c11rHan reTepOA11Ha 

BTOporo np11eMHl1Ka. 

3Ta BTOpasi npl1HSITaSI "laCTOTa Ha He1111HeVIHOM 311eMeHTe CMeC111Te11S1 BMeCTe c co6-

CTB9HHOVI npoMe>KYTO"IHOVI "laCTOTOVI 6yAeT, B CBOIO O"lepeAb, o6pa30BblBaTb coeep

W9HHO HOBblVI c11rHa11, paBHblVI pa3HOCTl1 11X "18CTOT. 

Ho B9Ab B HaweM c11y"lae o6e 3Tlll "laCTOTbl paBHbl Ill COCT8B11SllOT 460 Kr~. a 3H8"1111T, 

I/IX pa3HOCTb paBHa HY11IO! V1 Hl1KaKoro HOBOro c11rHa11a He nOSIB11SleTCSI. 

CoeepweHHO eepHo. Ho T011bKO np111 a6co1110THO TO"IHOVI (c TO"IHOCTblO AO Hy11si rep~) 

HacTpOVIKe BToporo np111eMHlllKa Ha CTaH~llllO c "18CTOTOVI 920 Kn,\. A "!TO 6yAeT, ec11111 Mbl 

"IYfb·"IYTb, ecero Ha 1 Kr~. paccTpOl1M BTOpo'1 np111eMHlllK? OKa:>KeM, HBCTPOlllM ero Ha 

"laCTOTY 919 11111111 921 Kr~? TorAQ 111 "lacToTa reTepOAlllHa 3Toro np11eMH111Ka aeT0MaT111-

"lecK1111113MeH111Tcsi Ill CTaHeT paBHOVI 459 1111111 461 Kr~. 

V1 TOrAQ napa31/1THble 611eH"1SI B HaweM «MY3blKa11bHOM» np111eMHl1Ke CT8HYT He paBHbl 

HY11IO, a COCTaBRT 1 Kr~. T. e. nonQAYT B caMblVI "!TO Hl1 Ha eCTb 3BYKOB0'1 A118na30H. 

V1 nocK011bKY CMec11Te11b RB11Sl9TCSI He11"1He'1HblM 311eMeHTOM A11R 11I06blX ClllrHa110B, 

3T8 BHOBb B03HlllKWaSI 3BYKOBaSI "laCTOTa npOMOAY11111pyeT co6CTB9HHYIO npoMe>Ky

TO"IHYIO "laCTOTY np11eMHl1Ka Ill cceepXOM» Ha HeVI 611arono11y"IHO A06epeTCR AO A9TeK

TOpa, rAe npeeparnTCR B no11Ho~eHHblVI Hl13KO"laCTOTHb1'1 Cl1rHan B BlllA9 CBlllCTa Ha "lac

TOTe 1 Kr~. 

Hy, a ec1111 paccTpOVIKa «<l>YT6011bHOro» np11eMHl1Ka COCTaBl1T He 1, a 2 1111111 4 Kr~. "!TO 

TOrAa? TorAa 11 BblCOTa TOHa CBlllCTa COOTBeTCTB9HHO 1113MeHl1TCSI c 1 Kr~ AO ABYX 1111111 

"leTb1pex. 

TaK "!TO ec11111 BAPYr HOpMa11bHO np111H111Ma10~11VI cccynep» Hiii c Toro Hl1 c cero Ha"IHST 

«HaCBlllCTblBaTb», MO>KHO 6b1Tb yeepeHHblM, "!TO 3TO COC9A 3a CTeHo'1 (111111 B COCeAHeM 

AOM9) 111~9T B CBOeM cccynepe» KaKylO-H1116YAb lllHTepeCHYIO nepeAa"ly. 

YcTp8HlllTb TaKylO B03MO>KHOCTb MO>KHO 111/!Wb ABYMSI nYTSIMlll. nepBbl'1 nYTb - 3TO 

>KeCTKOe orpaH11"leH11e c noMO~blO 3aKoHa AOnycT11Moro ypoBHSI 11311Y"feH111S1 co6cTBeH

Horo reT9POA11Ha B 11I060M (npOMblWlleHHOM 1111111 11I0611Te11bCKOM) npllleMHlllKe. V1 BTOpoVI 

nYTb - MaKC"1M811bHO B03MO:>KHOe CHl1>KeH111e npl1Hl1M8IO~ev. cnoco6HOCTlll TBOero co6-

CTB9HHOro np11eMHlllKa Ha "18CTOTe 460 Kr~. 

3TO, B CBOIO O"lepeAb, B03MO>KHO ABYMSI cnoco6aM11: MaKClllMa11bHO T~Te11bH0'1 3K

paHl1POBK0'1 ecex Y3110B, AeTa11e'1 Ill npO"llllX ~eneVI AO BXOA8 CM9Cl/IT911SI, BKJ1I0"18SI 

ece 3119MeHTbl cxeMbl caMoro reTepOAlllHa, 

a TaK:>Ke BK11IO"leH"1eM B ~enb 8HTeHHbl no

C11eAOBaTe11bHOro pe>KeKTOpHoro <1>11111bTpa 

( ero 06b1"1HO Ha3b1ea10T <1>1111bTp-npo6Ka), 

HaCTpoeHHOro Ha npoMe:>KYTO"IHYIO "laCTOTY 

Ill npenSITCTBYIO~ero npOHl1KHOB9Hl1IO c11r

Hana nL! KaK "13 npl19MHl1Ka B aHTeHHy, TaK Ill 

1113 aHTeHHbl B np111eMHlllK. 

Ha p11c. 55 noKa3aHa OAHa 1113 B03MO:>K

HblX cxeM <1>1111bTpa-npo6K11, 11cno11b3yeMasi 

B npOMblW119HHblX cynepreT9POA11Hax. 3Ta 

cxeMa np111 TO"IHOM pac"leTe "' npae1111bHOM 

Bbl60pe BXOAS1~"1X B Hee 311eMeHTOB AaeT 

npaKTlll"leCKlll no11Hoe noAQe11eH111e c111rHa11a 

C npOM9>KYTO"IH0'1 "18CTOTOVI. 

[U2HQll Bl./ 
K npueMHUK!J 

P111c. 55. CxeMa BK1110"leH111si rpaHa111cropa 
c paaAeneHHblMlll HarpyaKaM111 
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Pac1.1eT aneMeHTOB CX8Mbl BSASTCSI B TaKOM nOPSIAKe: 

1. EMKOCTlll KOHASHCaTopoe C2 11 C3 Bbl6111paeM np01113BOnbHO Ill OAl1HaKOBblMlll 

e paiiioHe 500 n4>. 

2. OnpeAensieM een1111.111Hy 11HAYKTl1BHOCTlll KaTYWK11 L no Q>opMyne 

L 25300 
(CfnPOM)/2" 

3. lllCXOASI 1113 peanbHO B03MO>KHOiii A06pOTHOCTlll KaTYWKlll ct>111nbTpa, onpeAensieM 

een111.111Hy pe311cTopa R 

R 
12,5CfnPOM . 

Q 

TaK111M o6pa30M, Tenepb Mbl BlllA11M, "ITO 111 np111eMH111KaM npsiMoro yc111neH111si, 111 cy

nepreTepoA111HaM CBOiiiCTB0HHbl KaK CBOlll AOCTOlllHCTBa, TaK Ill CBOl1 H0AOCTaTKl1. Ill np111-

M8HSITb TOT 11n11 Apyroiii rnn cneAYST 11CXOASI 1113 peanbHblX ycnoe11iii np11eMa 11 noCTaB

neHHblX 3aAa"I. TaK, AnSI Q>11KClllPOBaHHOro np11eMa Tpex-"ISTblpex MO~HblX MSCTHblX 

cTaH'-'11iii Ha AB 111 CB A11ana3oHax 6e3ycnoeHo '-'enecoo6pa3HO AenaTb np111eMHl1K npsi

Moro yc111neH111si c ABYMSI 111n111 Aa>Ke TpeMsi KaCKaAaM111 YBLI, TOrAa KaK eceeonHOBbliii 

MHOrQA11ana30HHbliii npl10MHl1K c BblCOKOiii "lyBCTBl1T8nbHOCTblO Ill nnaBHOiii fiaCTpOiiiKOiii, 

KOHS"IHO >Ke, AOn:>KeH 6b1Tb cynepreTepOAlllHHblM. 

Ha 3TOM 3aKOH"ll1M 11 - AO cneAYIO~eiii BCTpe1.1111! 



3J.\l-Uff~IE AEBJffOE 

TeopMR 

YpoK 1. nPAKTMl/ECKME CXEMbl 
HA TPAH3MCTOPAX 

Tenepb, KOrAa Mbl }')Ke AOCTaTO"IHO «nOAKOBaHbl» ...., He nyraeMCR CllOB KOlllleKTOp, 

3Ml.1TTep, 6a3a, CTOK, l.1CTOK, 3aTBop, KaCKOAHaR cxeMa, 3Ml.1TTepHblUI noBTOp1.1Te11b...., T. n., 

caMoe epeMR OT "ll.1CTOUI TeOpl.11.1 nepeU!rn K "ll.1CTOUI npaKTl.1Ke ...., n03HaKOMl.1TbCR c HeKO

TOpblMl.1 peanbHblMl.1 cxeMaM1.1 pa3111.11.1Hblx y311oe SPA Ha TPaH31.1CTopax. 

no cy~eCTBy, pa3Hl.1~a Me>KAy «TpaH31.1CTOPHblMl.1» cxeMaMl.1 ...., cxeMaMl.1 «llaMno

BblMl.1» He TaK Y'K ...., ee111.1Ka ...., onpeAellReTCR CKOpee pa3Hl.1~eUI B napaMeTpax 11aMn ...., 

TpaH31.1CTOPOB Aa oco6eHHOCTRMl.1 3aAaHl.1R Ha"lallbHOro CMe~eHl.1R Ha ynpaBllRIO~l.1UI 
31leKTpOA. 

Hy 1.1, pa3yMeeTcR, e napaMeTpax 1.1cT01.1H1.1Koe n1.1TaH1.1R. Ec111.1 AllR 6011bWl.1HCTBa 

11aMnOBblX cxeM Tpe6oea11ocb nOCTORHHOe HanpR>KeH1.1e B COTHl.1 BOllbT (HO npl.1 TOKax, 

He npeBblWalO~l.1X AeCRTKOB Ml.111111.1aMnep), TO TpaH31.1CTOpHble cxeMbl eno11He AOBOllb

CTBYIOTCR nOCTORHHblMl.1 HanpR>KeHl.1RMl.1, «Tl.1nl.1"1Hb1UI» Al1ana30H KOTOPblX 11e>1<1.1T B npe

Aenax 6 ... 25 B. A HeKOTopble Ha1.16011ee 3KOHOMl.1"1Hble cxeMbl-CKpRrn YMYAPRIOTCR 

o6xOAl.1TbCR OAHOUI 6arapeU!KoUI c HanpR>KeH1.1eM e 1,5 B, n1.1TaR np1.1 sroM ~e11b1UI 

cynepreTePOAl.1HHblUI np1.1eMHl.1K 1.1111.1 ayA1.1on11eU!ep. 

npaBAa, npl.1 3TOM OTAellbHble TpaH31.1CTOpHble CXeMbl (Hanp1.1Mep, CTepeoyc1.1111.1-

Tellb c BblXOAHOUI MO~HOCTblO 2x25 BT) YMYAPRIOTCR nepeeap1.1BaTb nOCTORHHblUI TOK 

AO AeCRTKa aMnep! Ec111.1, KOHe"IHO, KOHCTPYKTOp He 3a6bl11 yKpenl.1Tb am MO~Hble Bbl

XOAHble rpaH31.1cropbl Ha cne~1.1anbHble Macc1.1BHb1e Ten11opacce1.1ea10~1.1e PaAl1aTOpb1, 

nocKOllbKY 25 B, yMHO>KeHHb1e Aa>Ke ecero Ha 2 A,- sTo KaK-Hl.1KaK 50 Br(!) MO~Hocrn, 
KOTOpblX re6e 111.1"1HO eno11He xeaTaeT AllR roro, "IT06bl pa3orpeTb TBOUI naR1lbHl.1K AO 

reMnepaTYPbl n11ae11eH1.1R np1.1noR. 

'-ITO >Ke KacaeTCR repM1.1Ha «peallbHble cxeMbl» Ha TpaH31.1CTOpax, TO R 6bl 111.1"1HO 3a

MeHl.111 era Ha repM1.1H «Tl.1nOBble cxeMbl», ...., BOT no1.1eMy. B 11aMnoeoUI TeXHl.1Ke B pacno

pR>KeHl.11.1 KOHCTpyKTopa ~ellblUI Ha6op pa3HblX no KOHCTPYK~l.11.1, Ha3Hal.leHl.1IO ...., napa

MeTpaM 11aMn, Ha"ll.1HaR OT ABYX31leKTPOAHblX Al10AOB AO AeBRTl.131leKTpOAHblX HOHO

AOB,- BCRKl.1e TaM TeTpOAbl, neHTOAbl, renTOAbl, neHrarp1.1Abl...., T. n. 

EcTeCTBeHHO, "ITO AllR Ka>KAOro 1.13 srnx Tl.1nOB AOll>KHa cy~eCTBOBaTb CBOR co6-

CTBeHHaR «T1.1noeaR» cxeMa BK11101.1eH1.1R, pa3111.11.1a10~aRcR e pa3HblX annaparax 111.1wb 
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B He3Ha'U.1Te11bHblX AeTa11RX. A eAlllHOH «TlllnOBOH» cxeMbl AllR OAHOCeTO'lHOrO TplllOAa Ill 

nRTlllCeTO'lHOro renTOAa npocTO He MO>KeT 6b1Tb B np111H'-'111ne. 

LITO KacaeTCR TpaH311CTOpoe (KaK 6111no11RpHblX, TaK Ill no11eBblX), TO OCHOBHaR I/IX 

Macca, ec11111 CMOTpeTb Ha HI/IX c «11aMnOBOH» K0110K011bHlll,- :no caMble 06blKHOBeHHble 

nplllMlllTlllBHble TplllOAbl, Aa>Ke ec11111 ynpaemuow,aR ceTKa y HI/IX Ha3blBaeTCR 6a30H 11111111 

3aTBOPOM,- cyrn Ae11a 3TO He MeHReT. A pa3 TaK, TO KaK TpaH3111CTOp Hiii BK11IO'llll, 3TO 

ece paeHo 6yAeT OAHa 1113 rnnoeb1x cxeM BK1110'leH111R Tp1110AQ. 

no'leMy «., .OCHOBHaR Macca»? noTOMY 'lTO «TpeX311eKTPOAHble» TpaH3111CTOpbl enep

Bbl0 noRBlll11111Cb Ha ceeT Ill cyw,eCTBOB811111 AOB011bHO A011ro. LITO >Ke KacaeTCR I/IX ceroA

HRWHero accoprnMeHTa, TO B mo60M cnpaBO'lHlllKe MO>KHO BCTpeTlllTb TpaH3111CTOpbl 

C ABYMR llt11111 HeCK011bKlllMlll 3aTBOpaMlll, C OAHlllM K011119KTOpOM, OAHOH 6a30H 111 '-'e110H 

«Ky'leH» 3Ml/ITTepoe - a>K AO BOCbMlll WTYK! 0AHaKO nplll eceM 3TOM no cyw,HOCTlll ceoeH 

OHi/i ece OCTalOTCR TplllOAaMlll, nOCK011bKY Aa>Ke B «BOCbMlll3MlllTI9PHOM» TpaH3111CTOpe 

3Tlll 3M111rrepbl pa60Ta10T no-oYepe,0,111, a ec11111 BAPYr OAHOepeMeHHO, TO np111 3TOM ecero 

111/!Wb 1113M9HRIOT a6C011lOTHYIO B911111'l111Hy K011119KTOpHoro TOKa Ill Hl/l'lero 6011ee. 

A pa3 TaK, TO He MO>KeT 6b1Tb Ill 6011bWOro pa3H006pa3111R «TlllnOBblX cxeM» BK11IO'le

HlllR TpaH31i1CTOpOB (111M9eTCR B BlllAY Ka)l(AOrQ B OTA911bHOCTlll). noTOMy 'lTO, K np111Mepy, 

KaCKOAHaR cxeMa - 3TO He rnnoeaR cxeMa BK11IO'l9HlllR TpaH3111CTOpa, a COBMew,eHHaR 

cxeMa 111cno11b30BaHlllR AByx rnnoeblX cxeM Ha ABYX caMoCTORTe11bHblX TpaH3111CTopax. 

nocTapaHCR 3TO noHRTb Ill B ASJ1bH0HW9M He nYTaTbCR B TepMlllHaX. 
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A Tenepb 6m-1>Ke K TeMe ceroAHSIWHero 3aHSln1SI. VlTaK, nmoBble cxeMbl 1.1cn011b30Ba

Hl.1SI rpaH31.1CTopoe e SPA. HaY1.1HaeTcsi 3Ta TeMa c npeAeap1.1Te11bHOH coprnpoeK1.1 ecex 

cxeM Ha HecK011bKO np1.1H~1.1n1.1a11bHO pa3111.1YHb1x rpynn. Ae11eH1.1e 3TO npo1.13eo11bHOe 

1.1 AOBOJlbHO YC110BHOe, HO 6011ee 1.1111.1 MeHee pa3yMHOe. 

nepeasi rpynna - aro pe31.1crneHble (c Harpy3KOH e Bl1Ae nocTOSIHHOro conpoT1.1e11e

H1t1S1) 111.1HeHHble yc1.1111.1re111.1 HanpSl>KeHl.1SI B Hl.13KOYaCTOTHOM cneKTpe. K Hl.1M cneAyeT OT

HeCTl.1 ece KaCKSAbl npeAeap1.1re11bHOro yc1.111eH1.1si e YH'-1, BKJllOYasi TaK Ha3b1eaeMble 

Ml.1KpOQ>OHHbl0 yc1.1111.1Te111.1. Tp1.1 B03MO>KHblX eap1.1aHTa TaKOH cxeMbl Mbl npltlBOAl.1111.1 YyTb 

paHbWe, Ha p1.1c. 50. 
Ha p1.1c. 56 npl1B0AeHbl HeCKOJlbKO pe811bHblX cxeM TaKoro 1.1cnOJ1b30BaHl.1SI, B3SITble 

1.13 npOMblWJleHHOA annapaTYPbl. 3TOT p1.1cyHOK np1.1BOAl.1TCSI cne~l.1811bHO AJlSI roro, YT0-

6bl MO>KHO 6bl110 y60Al.1TbCSI YTO, HeCMOTPSI Ha H0KOTOpb10 pa3111.1Yl.1SI, CYll.\HOCTb l.1X He 

BblXOAl.1T 3a npeAe11bl cxeM, npl.1BOAl.1BWl.1XCSI Ha p1.1c. 50. 
Bee am cxeMbl 06beA1t1HS110T c11eAY10ll.\1t1e noica3aTe111.1: 

1. AocraTOYHO 6011bwoH Koact>ct>1.1~1.1eHT yc1.111eH1.1s:i no Hanpsi>KeH1.110 (nopSIAKa 50 ... 200 
B 3aBl.1Cl.1MOCn1 OT napaMeTpoe caMoro TpaH31.1CTopa). 

2. 0YeHb He3H8Yl.1T011bHblH K03Q>Q>l.1~1.1eHT He111.1HeHHblX l.1CKa>KeHl.1'1 npl.1 AOCTaTOYHO 

MaJlblX BXOAHblX c1.1rHanax, oco6eHHO B cnyYae H8111.1Yl.1SI B KaCKQAe ~en1.1 OTp1.1~aTe1lbH0'1 
o6paTH0'1 CBSl31.1. 

3. CpaeH1.1re11bHO Hl.13Koe BXOAHOe conporne11eH1.1e (oco6eHHO AJlSI 61.1nq11sipHblX 

rpaH31.1CTOpOB). 

K 3T0'1 >Ke rpynne MO>KHO OTH0Cn1 1.1 3Ml.1TTepHble noerop1.1Te111.1, a TaK>Ke KaCKQAbl 

c paSAeneHHOH Harpy3Ko'1, cxeMbl KOTOpblx np1.1eoA1.1111.1cb Ha p1.1c. 51 1.1 55. OT npeAblAY

ll.\l.1X CX0M 1.1X 0 m1.1Ya10T 111.1Wb eeCbMa BblCOKOe BXOAHOe conporne11eH1.1e 1.1 K03Q>Q>1.1~1.1-

eHT yc1.111eHl.1SI no Hanpsi>KeHl.1IO, KOTOpb1'1 ecerAQ M0HbW0 eAl.1Hl.1~bl. 
Ko BTOpot1 rpynne cneAyeT OTHecnt ece CX0Mbl Hl.13KOYaCTOTHblX yc1.1111.1TeneH MOU,.\

HOCn1, pa3Ae11SllOU,.\l.10CSI, B CBOIO OYepSAb, Ha OAHOTaKTHble 1.1 AByXTaKTHble (B A811bH0H

W0M Te6e B03MO>KHO np1.1AeTcsi cTanK1.1eaTbCS1 c APYrl1M Ha3BaH1t1eM ABYXTaKTHblX cxeM 

1.1 icacKQAOB - nywnynnbHble). 

Sra rpynna CX0M OT111.1YaeTCSI OT np0Ab1AYll.\l1X AOCTaTOYHO 6011bWl.1M pa3H006paa1.1-

8M B OCHOBHOM nOTOMy, YTO HenocpeACTBeHHO «B Yl.1CTOM Bl.1A0» MHOrl.10 1.13 Hl.1X eoo6-

ll.\0 He 1.1cnOJ1b3YIOTCSI, a np1.1MeHSllOTCSI B KOMnneicce c APYrl1Ml.1 ecnoMoraTeJlbHblMl.1 

rpaH31.1CTopaMl.1 1.1 Al.10AaMl.1, OCYll.\0CTB11SllOU,.\l.1Ml.1 pa3H006pa3Hble Q>opMbl KOppeK~l.11.1 
napaMeTpoe OCHOBHOH cxeMbl - CHl.1>K0Hl.1e H0111.1HeHHblX l.1CKa>KeHl.1H OTAe11bHO AJlSI 

6011bw1.1x 1.1 Manblx c1.1rHanoe, cTa61.1n1.13a~1.110 pa6oYeH TOYKl.1 TpaH31.1CTopoe e ABYXTaKT

H0'1 cxeMe, TeMnepaTYPHYIO KOMneHca~1.110, orp1.1~are11bHYIO o6paTHYIO CBSl3b no TOKY 1.1 

no Hanpsi>KeH1.110 1.1 T. n. 

KpoMe Toro, KaK OAHOTaKTHbl0, TaK 1.1 AByxTaKTHble yc1.1111.1Ten1.1 MOll.\HOCTl.1 MOryT 

6b1Tb TpaHcQ>opMaTOpHblMl.1 (1.1 co CTOPOHbl BXOAQ, 1.1 co CTOpOHbl BblXOAa) 111.160 6ec

TpaHcQ>opMaTOpHblMl.1, c ranbBaH1t1YeCKOH CBSl3bl0 Me)l(Ay BXOASlll.\l.1Ml.1 B KaCKSA 311e

MeHTaMl.1, 1.1111.1 c 1.1cno11b30BaH1.1eM pa3Aen1.1Te11bHblX KOHAeHcaTopoe 1.1 T. n. HaKoHe~. 
B COCTae OKOHeYHOro YCl.1111.1T011SI MOU,.\HOCn1 MO>KeT BXOAl.1Tb TaK>Ke ABYXTaKTHbl'1 npeAO .. 

KOHeYHblH KaCKSA (1.1111.1 l.1HaYe - APaHeep), TpaH31.1CTOpbl KOTOporo H00TA0111.1Mbl OT 

TpaH31.1CTOpOB OKOHeYHOro KaCKaAa, nOCKOJlbKY COeAlllH0Hbl Me)l(Ay co6ot1 ra11bBa

Hl.1YeCKl.1 1.1 Hepa3pb1BHO CBSl3aHbl eAl.1HblM 3JleKTp1.1YeCKl.1M pe>Kl.1MOM no noCTOSIHHOMy 

TOicy. OYeHb YaCTO TaKOH APaHeep OAHOBpeMeHHO SIB11SleTCSI 1.1 Q>a30l.1HB0PTOPOM, ec11111 

B HeM np1.1MeHeHbl pa3HOn011SlpHbl0 TpaH31.1CTOpb1. 

nocKOJlbKY Mbl pew1.1111.1 3A0Cb roeopl.1Tb TOJlbKO 0 npaKTl.1Y0CKl.1X cxeMax, TO 1.1 Ha 

p1.1c. 57 np1.1B0A0Hbl cxeMbl pa3111.1YHblX yc1.1111.1Te11eH MOll.\HOCn1, 1.1cnOJ1b30BaHHble B KOH

KpeTHblX npOMb1w11eHHb1x YH'-1, TaK YTO ec111.1 peweHo AenaTb TpaH31.1cropHb1'1 YH'-1, 

MO>KHO CM0Jl0 CKOMnOHOBaTb era 1.13 OTA0JlbHblX KaCKaAOB no np1.1BOAl.1MblM 3A0Cb 1.1 

Aa11bWe cxeMaM. OHl.1 MHOroKpaTHO npoeepeHbl Ha ceplllHHblX l13A0111.1SIX 1.1 HaeepHSIKa 

cpa3y 3apa60Ta10r. 
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P111c. 57. AsyXTaKTHble oKoHeYHble KaCKBAbl (yc111n111Ten111 MOIJ.IHOCTlll): 

a - K8CKM c Tp8HC4>0PM8TOPHblM BXOAOM 111 BblXOAOM B npOMb1Wfl8HHOM npi11eMHlllK8 «COKOn-403•; 

6 - ABY><TaKTHblli! ycwn111T8flb M014HOCT11 BM8CTe c AP81ilBepoM-111HB8PTOPOM Ha TpBH3111CTOP8X 

pa3HOli! npOBOA111MOCTl1 111 6ecTpaHccpopMaTOPHblM (eMKOCTHblM) BblXOAOM 
OT npoMblWneHHOA MarH111Tonb1 «CoHaTa PM-323C• 

Bo scex Hll13K04acTOTHb1x cxeMax s np111HL\111ne Moryr xopowo pa6oTaTb mo6b1e T111nb1 

TpaH3111CTOPOB KaK n-p-n, TaK 111 p-n-p npOBOAlllMOCTlll, OAHaKO ny4We see )Ke np111MeHSITb 

Te 1113 Hll1X, KOTOpb1e B cnpaB04H111Kax nepe4111CJ1SllOTCSI nOA py6p111KOi.1 Hlll3K04aCTOTHble 

TpaH3111CTOpbl Manoi.1 111 cpeAHei.1 MOUJ,HOCTlll. YTO )Ke KacaeTCSI Hll13K04aCTOTHblX TpaH3111-

CTOPOB 60J1bWOl71 MOUJ,HOCTlll, TO OHlll nOHaA06SITCSI TOJlbKO TOrAa, KOrAa scepbe3 np111-

AeTCSI 3aHSITbCSI BblCOKOKnaccHblM111 cTepeocpoH1114ecK111M111 yc111n111rnnsiM111. 

CneAyiow,asi rpynna cxeM - aTo TaK Ha3b1saeMb1e anep1110A1114ecK111e yc111n111rnn111 BY. 

CeroAHSI OHll1 BCTpe4alOTCSI KaK Ha 6111nonsipHblX, TaK Ill Ha noneBblX TpaH3111CTopax c Bbl

COKOi.1 rpaHll14HOi.1 4aCTOTOi.1 (B 3aBll1Cll1MOCTll1 OT A111ana30Ha, Ha KOTOpOM pa6oTaeT KaC

KaA). Ill ecn111 annapaT MHOrOA111ana30HHbli.1, TO rpaHll14HaSI 4aCTOTa TpaH3111CTOpa AOJ1)f(Ha 

6b1Tb no KpaiiiHei.1 Mepe s 1,5-2 pa3a Bbrwe Hall1Bbrcweiii pa6o4ei.1 4aCTOTbl caMoro Bbl

coKo4acrnTHoro A111ana3oHa. B cnpas04H111Kax no TpaH3111CTopaM s pa3Aene «TpaH3111c

Topb1 BblCOK04aCTOTHble MaIIOMOUl,Hble» STOT napaMeTp (rpaHll14HaSI 4aCTOTa) 06si3a

TeJ1bHO yKa3blBaeTCSI. 

no cxeM0TexH111Ke anep1110A1114ecK111e KacKaAbl BY Mano om1114a10TCS1 OT KacKaAOB 

npeAsap111TenbHOro yc111neH111si HY, ecn111 He C4111TaTb rnro, 4TO B anep1110Alll4ecK111x yc111n111-

rnnsix 04eHb 4aCTO BMeCTO aKTlllBHOro pe3111CTOpa B Ka4eCTBe Harpy3Kll1 np111MeHS1eTCSI 

BblCOK04aCTOTHbli.1 APOCCenb, He lllMelOUJ,1111.1 Bblpa)f(eHHOro pe30HaHca B pa6o4eiii nono

ce 4aCTOT. 

Bnpo4eM, AOBOJlbHO 4aCTO y TaKOro APOCCensi lllCKYCCTBeHHO C03AalOT pe30HaHC Ha 

caMoiii BblCOKOiii 4aCTOTe pa6o4ero Alllana30Ha, 4T06bl CKOMneHC111pOBaTb eCTeCTBeH

Hbliii «3asan» AYX Ha STlllX 4acToTax, 06ycnosneHHb1iii sn111siH111eM pa3nll14HblX napa3111THblX 

eMKOCTeiii (Hanp111Mep, eMKOCTlll MOHT~a). Ecn111 TaKaSI Xll1TPOCTb np111MeHS1eTCSI B ane

p1110A1114eCKOM BlllAeOyc111n111rnne TeneBlll30pa 111J1111 B111AeOMarHlllTOcj>OHa (c L\ellblO MaKClll

MailbHO yBeJ11114111Tb 4eTKOCTb 111306pa)f(eHlllSI), TO STY XlllTpOCTb Ha3blBalOT no-Hay4HOMy 

anePTYPHOiii KOppeKL\111e~. 3By4111T COJ1111AHO. 

B Ka4ecTse np111Mepa Ha p111c. 58 np111seAeHa cxeMa KaCKOAHOro anep1110A1114ecKoro 

BL! yCll1J1111TeJ1SI Ha AByx noneBblX TpaH3111CTopax OTe4eCTBeHHOro npOlll3BOACTBa. 
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P111c. 58. Anep1110A111'fecK111~ w111poKononocHbl~ yc111m.rrenb B'-1 
no KaCKOAHO~ cxeMe Ha AByx noneBblX TpaH3111CTOpax 

HeHaMHOro orn111'ia10TCR OT anep1110A111'ieCK111x BY yc111n111Tene~ yc111n111Ten111 peaoHaHc
Hble. BcR pa3Hl!IL\a COCTOlllT B TOM, 'iTO BM0CTO HeHaCTpa111eaeMOro APOCcenR, o6ecne
'il!IBalOLL\0rO anepl!IOAlll'i0CKOMy yc111n111Te1110 WlllPOKYIO nonocy nponycKaHl!IR c H03Ha
'il!IT0nbHOM HepaBHOMepHOCTblO, Harpy3KOM pe30HaHCHOrO yc111n111TenR RBnReTCR Ha
CTpa111eaeMaR peaoHaHcHaR c111cTeMa c onpeAeneHHOM nonoco~ nponycKaH111R. TaKo~ 
HarpyaKOM MO>KeT 6b1Tb, K np111Mepy, nonocoeo~ <1>111nbTP nY, BKnlO'i0HHbl~ B paapblB KOJl
neKTOPHO~ L\Snlll TpaH3"1CTOpa no cxeMe c 06LL\l!IM 3Ml!ITTepoM, n11160 OAlllHO'iHblM peao
HaHCHblM KOHTYP. n11160, HaKOHSL\, CllCC. T111noeaR cxeMa TaKoro peaoHaHcHoro yc111n111Te
nR nY "1306pa>KeHa Ha p111c. 59. 

CpaeH111Te11bHO HeAaBHO e cxeMax SPA n0Re11111111cb TaK Haab1eaeMble A111<1><1>epeHL1111-
aJJbHble yc11111111Ten111, npeACTaBJlRIOLL\1110 co6o~ no CYLL\0CTBY ABa KaCKaAa Ha OTASnbHblX 
TpaH3"1CTOpax no cxeMe c 06LL\"1M 3MlllTT0POM, y KOTOpblX 3MlllTT0Pbl B npRMOM CMblCJ10 
RBJlRIOTCR 06LL\l!IMlll, T. e. C00AlllH0Hbl napaJJ110JlbHO. 

i'i' 
0,022 MKI...-_____ tr::D oa fil.( 

15K ~ 
0,022 MK 

~l---+------+-1 
[U2HQI/ fil.( 

om nbeJorpu11bmpa 

P111c. 59. KaCKaA pe30HaHCHOro yc111n111Tem1 n'-1 
B TIOHepe BblCWero Knacca «3CTOHlllSI (J(Jl» 
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Pr..tc. 60. BXOAHOiil KaCKaA YHY no Ar..tct>ct>epeHL,4"1anbHOiil cxeMe 
PaAr..tonpr..teMHr..tKa «MepKypr..tiil-210» 

B KOnneKTOPHYIO L,\enb nepeoro (oeHOBHOro) TpaH31!1eTOpa BKnlO'ieH pea111eTop (111n111 
KOHTYP) Harpy3Klll, e KOTOporo eHl!IMaeTeSI ye111neHHb1'1 elllrHan. KonneKTOp BTOporo 
TPa!'l3111eTopa eoeAlllHeH HanpsiMylO e 111eTO'iHlllKOM n111TaHl!ISI, no3TOMY otf OKa3blBaeTesi 
KaeKaAQM e 06U,\LllM KOnneKTOPOM, T. e. 3MLllTTepHblM noeTOplllTeneM. 

Beeb cf>OKye eoeTOlllT B TOM, 'iTO OAlllH Ill TOT )l(e pe3111eTOP B 3MlllTTepH0'1 L,\en111 OAHO
epeMeH~O ~blnOnHHeT ABe pa3Hble cf>YHKL\111111. ,D,nsi nepeoro TpaH31!1eTopa OH siensieTesi 
111eT011H111KOM e111rHana OTPlllL\aTenbH0'1 o6paTH0'1 eesia111, a MH BTOporo - Harpy3K0'1 
3MLllTTepHoro npeTOplllTensi, e111rHan e KOToporo TaK*e nOeTYnaeT B TOKOBYIO L,\enb oe
HOBHOro TpaH31!1eTopa. TaKl!IM o6pa30M, nOAaBasi Ha 6a3y nepeoro TpaH3111eTopa BXOA
HOA e111rHan, Mbl 111enOnbayeM Alllcf>cf>epeHL,\lllanbHblA KaeKaA KaK 06bl'iHbl'1 ye111n111Tenb 
Hanpsi)l(eHl!lsl e ooc no TOKY, a Ha 6aay BTOporo TpaH31!1eTopa Mbl MO)l(eM nOAaBaTb see, 
'iTO HaN! aa6naropaeeyAlllTeH, BBOASI TaKlllM o6pa30M AOnOnHl!ITenbHbliil e111rHan B L,\enb 
nepeoro TpaHa111eTopa. 

B Ka11eeTee TaKOro AOnOnHl!ITenbHOrO e111rHana MO)l(HO nOAaBaTb noeTOSIHHOe Hanpsi
)l(eHllle (Hanp111Mep, e111rHan APY e B'-1 KaeKaAax), 111n111 KOMneHeal,\lllOHHOe Hanpsi)l(eH111e 
e BblXOAa exeMbl, 111n111 AOnonH111TenbHOe Hanpsi)l(eH111e 11aeTOTHo-aae111e111Mo'1 o6paTHOA 
eesi3111 no Hanpsi)l(eHllllO 111 T. n. T111n11111Hasi exeMa A111cf>cf>epeHL\lllMbHoro KaeKaAa e Ka11e
eTee eXOAHoro KaeKaAa YH'-1 np111eeAeHa Ha p111e. 60. 

Ell.\e OAHY rpynny rnnOBblX exeM BKn10'ieH111si TpaHa111eTopoe e «06ll.\lllM KonneKTO
pOM», «06U,\eA 6a30A» 111 e «pa3AeneHHblMlll HarpysKaMlll» Mbl nOAP06HO paeeMaTp111ean111 
Ha npeAblAYll.\eM 3aHSITllllll (p111e. 51, 52 Ill 55), n03TOMY HeT eMblena noeTOpSITbesi. '-ITO 
)l(e KaeaeTesi 111enonbaoeaH111si TpaHa111eTopoe e exeMax reHeparnpoe, TO aTa TeMa Tpe6y
eT OTA9nbHOrO pa3roeopa, 'ieM Mbl Ill aaAMeMeSI Ha BTOPOM ypoKe. 

YpoK 2. rEHEPATOPbl CMHYCOMLIA!IbHblX 
11 MMnYflbCHblX CMI'HAflOB 

Ha OAHOM 1113 npoweAw111x 3aHsirni;;, KOrAa pe'ib wna o npl!IHL\Lllne eynepreTepo
AlllHHoro np111eMa, Mbl AOBOnbHO nOAP06HO n03HaKOMvtnllleb e TpeMSI rnnaMVI reHepaTO
poe evtHyeovtAanbHOrO HanpS1)1(9HlllSI e eaMOB036y)l(AeHVl9M, KOTOpble npLllM9HSllOTCSI 
so eeex reTepoAvtHax. SrnM TpeM exeMaM Aa)l(e np111eeoeHbl eo6eTBeHHb1e 111MeHa: exe
Ma MeAeeHepa, exeMa Xapmesi 111 exeMa IJ,oy. 

TaK BOT, 3TVIMLll TpeMSI TvtnCIMVI 06U,\ee eeMeiileTBO reHeparnpoe OTHIOAb He orpaH111-
'iV1BaeTeS1. noMLllMO HlllX eyU,\eeTeyeT eU,\e He OALllH AeesiTOK eaMblX pa3H006pa3HblX re-
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HepaTOpoe. Ha AaHHOM 3Tane Mbl orpaHlllYlllMCSI 3HaKOMCTBOM nlllWb c H0CKOnbKlllMlll 
Ha1116onee pacnpocrpaHeHHblMlll Ill yacro BCTpeYalOUJ,lllMlllCSI KaK B SPA, TaK Ill B HeKOTO

pblX 1113Mep111renbHblX np1116opax (nepBbllli 1113 KOTOpblX, KCTaTlll roeopsi, Mbl Y>K0 ceroAHSI 
HaYHeM Aenarb AnSI Hawero pa6oYero Mecra). 

Boo6w,e roeopsi, o6w,asi Knacc111¢1111Kal.\lllS1 reHeparopoe HaY111Haercsi c pa3AeneH111si 
I/IX Ha reHeparopbl c BH0WHlllM B036Y>KA0Hlll0M Ill Ha reHeparopbl c caMOB036Y>KA0H1110M. 

Ho Mbl AnSI HaYana orpaHlllYl/IMCSI TOnbKO eropolli rpynnolli, KOTOpasi, B CBOIO OYepeAb, 

nOAPa3AensieTCSI Ha reHeparopbl ClllHYCOl/IA8nbHblX Cl/lrHanoe (rCC) Ill reHepaTOpbl lllM
nynbCHblX Cl/lrHanOB (rll!C). 

Bee Tplll 1113yY0HHbl0 HaMlll CX0Mbl rerepOAlllHOB OTHOCSITCSI K rCC, npl/IY0M K TOlli I/IX 

nOArpynne, B KOTopolli AnSI nonyYeHlllSI ClllHYCOlllAanbHblX Kone6aH111ili o6si3arenbHO lllC

nonb3YIOTCSI lllHAYKTlllBHOCTlll 111 eMKOcr111. lllx raK 111 Ha3b1ea10r: LC-reHeparopb1. noM111Mo 

Hlllx cyw,ecreyeT HeCKOnbKO pa3HblX cxeM RC-reHepaTopoe c111Hyco111AanbHblX Kone6a

H111ili, B KOTOPblX npOL\0CC reHepal.\111111 B03Hl/IKaeT 6e3 yYaCTlllSI lllHAYKTlllBHOCTlll. 

LfT06bl 6b1Tb 6nlll)l(0 K Aeny, paCCMOTPlllM pa6ory AByx TaKl/IX reHeparopoe, CX0Mbl 

KOTOpblX nplllB0A0Hbl Ha p111c. 61. Pa6ora 06e111x cxeM OCHOBaHa Ha CBOlliCTBe nocneAO

earenbHO C00AlllH0HHblX pe3111CTOpa Ill KOHASHCaropa (TaK Ha3blBaeMaSI RC-L1enOYKa) 
«CAB111raTb» no ¢1a3e nOABOAlllMOe K L\SnOYKe nepeMeHHOe Hanpsi)l(eH111e. np111 onpeAe

neHHOM COOTHOW0Hl/ll/I peaKTl/IBHOro conpOTlllBn0HlllSI KOHASHCaropa Ill aKTlllBHOro conpo

TlllBneHl/ISI pe31/1CTOpa Ill TOnbKO Ha OAHOlli YaCTOTe CABlllr ¢1a3bl cocraensier POBHO 180°. 
B cxeMe p111c. 61,a Me~y KonneKTopoM 111 6a30iil TpaH3111cropa BKnlOYSHbl Tp111 nocne

AOBarenbHble RC-L1enOYK111, K~asi 1113 KOTOpblx ocyw,ecrensier ccceolli» CABlllr ¢1a3bl. 

KpoMe Toro, nOCKOnbKY KaCKSA co6paH no cxeMe c o6UJ,lllM 3MlllTTepoM, OH He TOnbKO 

yc111n111eaeT nOABOAlllMbllli K 6a3e c111rHan, HO 111 nepeeopaY111eaer era no ¢1a3e Ha re )1(0 

caMble 180°. 

a) 6) 

P111c. 61. RC-reHepaTOpbJ c111Hyco111AanbHbJX HanpsilKeH111VI: 

a - cxeMa c TpeMSI cpa30CABl!lrSIOIJ..llllMlll u,enO'lKSMlll; 6 - cxeMa c MOCTOM BlllHS 

B MOMSHT BKnlOY0HlllSI CX0Mbl 3a CYST TaK Ha3blBa0MblX HeyCTaHOBlllBWlllXCSI npOL\0C

COB Ha 6a3e rpaH3111CTOpa B03HlllKH9T H0KOTopoe Hanpsn1<eH111e. 
nyCTb OHO 6yA0T, K nplllMepy, nOJlQ)l(lllTeJlbHblM (XOTSI C T8KlllM )J(e OCHOBaHlll0M MQ)l(HQ 

B3SITb Ill OTPlllL\aTenbHOe - OT 3TOro HlllYero He M0HSl0TCSI). Ha cxeMe 3TOT ¢1aKT oro6pa
)1(0H 3HaKoM «+» e KPY)l(OYKe eo311e 6a3bl. 

TorAa Ha KonneKrope ¢1asa OKa)J(ercsi orp1111.lare11bHO!li (3HaK «-» e KPY)l(OYKe), nocne 

Yero rp111 ¢1asocAe111ra10ll.\lllX l.lenoYKlll ew,e 3 pasa noMeHSllOT 3TY ¢1asy Ha npoT111eono-
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JlO>KHylO, B pe3yJlbTaTe Yero nOABeAeHHbllil K 6a3e e111rHan nOJlO>KlllTeJlbHOlil nom1pHoern 
eepHeTesi Ha 6a3y B TOlil >Ke eaMOlil nOJlO>KlllTeJlbH0!.1 no11sipHoern, T. e. Ha11111L\O OKa>KeTesi 
maeHOe ye11oe111e B03HlllKHOBeHlllSI reHepaL\111111 - nOJlO>KlllTeJlbHaSI o6paTHaSI eBSl3b. 

Mbl y>Ke OTMern11111, "!TO 1113MeHeH111e cj>a3bl poeHo Ha 180° np111 3aAaHHblX 3Ha"leH111six R 
Ill c B03MO>KHO TOJlbKO Ha OAHOlil KaKolil-TO "laeTOTe, n03TOMY Ill np111eeAeHHaS1 exeMa SIB
JlSleTeSI OAHO"laeTOTH0!.1. PaayMeeTesi, ee MO>KHO aaerae111Tb reHep111poeaTb 111 Ha 11io6olil 
APYrolil YaeTOTe, ee11111 eooTeeTeTBYIOLL\lllM o6paaoM 111aMeH111Tb napaMeTpb1 eeex RC-L1e
no"leK. 

KayeeTBO reHep111pyeMoro e111rHana, T. e. eTeneHb ero 611111aoeT111 K 111Aea11bHOlil e111Hy
eOlllAe, MO>KHO Y11Y"IWaTb, yMeHbWaSI eTeneHb o6paTHOlil eBSl3111, "!TO AOeT111raeTCS1 
yMeHbWeHllleM BeJllll"llllHbl pea111eTOpa RS nO"ITlll AO nopora epblBa K011e6aH111!.1. noTeHL\111-
0MeTpOM R6 MO>KHO B HeKOTOPblX npeAeJlax pery11111poeaTb B911111"1111HY eHlllMaeMoro e111r
Ha11a aa e"!eT 1113MeHeHlllSI my6111Hbl OTPlllL\aTeJlbHOlil o6paTHOlil eesia111 no TOKY. 

CxeMa Ha p111e. 61,6 no nplllHL\lllny eoaH111KHOBeH111si ye11oe1111il reHepaL.1111111 OT npeAblAY
LL\el.1 exeMbl om111YaeTCsi He raK eyll.\eeTBeHHO. TeM He MeHee 3TO Apyrasi exeMa. 3Ta 
exeMa Ha3blBaeTesi MOeT B111Ha. 

CaM MoeT B111Ha o6paayeTCsi ABYMSI pea111eTopaM111 Rt 111 R2 111 ABYMSI KOHAeHeaTOpaM~1 
Ct 111 C2. noA6opoM ee11111"1111H a11eMeHTOB MOeTa OH 6anaHe111pyeTesi TaK111M o6paaoM, 
"IT06bl Ha KaKOlil-TO onpeA0110HHOlil yaeTOTe eABlllr cj>a3bl Ha napa1111enbHOlil L\0nO"IK0 
R2C2 paeHsi11esi 180°, a aHa"1111T, cj>aaa Ha BblXOAe MOera eoenaAana e cj>aao!.1 Ha 6aae 
nepeoro TpaHa111eTOpa, 06eene"!111easi HaJllll"lllle yenoe111si AJISI eaMoeoa6Y>KAeH111si. 

Tenepb y Hae eeTb KaK MlllHlllMYM nSITb pa3HblX exeM rec, noaTOMy 6yAeT pa3yMHO 
nepelilrn K paeeMOTpeHllllO HeeKOJlbKlllX exeM reHepaTOpOB Hee111HyeOlllAa11bHblX e111rHa
JlOB. 11'1 Ha"IHeM Mbl e eaMolil Ha111npoeTelilwelil exeMbl, B KOTOpolil HeT Hlll"!ero, KpoMe OA
HOro pe3111eTOpa, OAHOro KOHAeHeaTOpa Aa ell.\e B nplllAa"ly eaMOlil npoeTOlil HeOHOBOlil 
JlaMnO"IKlll, KOTOpasi He TO "!TO B ye11111111Te11111, HO Aa)l(e B AeTeKTOpbl He rQAlllTeSI. 11'1 TeM He 
MeHee .•. 

noeMOTPlllM Ha p111e. 62. Ha 3TOlil exeMe KPOMe pea111eTopa Ill KOHAeHeaTOpa Hlll"lero 
HeT. npaeAa, ell.\e eeTb HeOHOBaSI JlaMnO"IKa, KOTOPYIO Mbl n0Ha"1a11y npoeTO OTKJllO"llllM 
e nOMOLL\blO TYM611epa, KaK 3TO Ill nOKa3aHO Ha exeMe. 

+ 
HanpR*eHue 
3Q)l(LJ2QHUR 

HeOHOfJou 

l/GHnbl 

Eur:m =. 8 

120 

100 

••• 

B P. 

P111c. 62. npocTe£:iw111£:i reHepaTOp n111noo6paaHoro Hanps1>1<eH111si 

5 

BpeHR 

,D,o BKJllO"leHlllSI Hanpsi>K0HlllSI 111eTO"IHlllKa KOHAeHeaTOp y Hae nonHoeTblO pa3psi>KeH 
Ill Hanpfl>K0Hllle Ha H0M paBHO HYJllO. Ha rpacj>111Ke 3TO eoOTBeTeTeyeT TO"IKe 0 B Ha"!ane 
KOOPAlllHaT. KaK TOJlbKO Mbl BKJllO"llllM llleTO"IHlllK, KOHAeHeaTop epaay >Ke Ha"IHeT aapfl
>KaTbefl "lepe3 pe3111eTop R, a Hanpsi>KeH111e Ha HeM eoapaeTaTb. CKopoeTb 3Toro eo3pae-
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TaH1-1si 6yAeT o6paTHO nponOPL\l-10HanbHa eenwmHaM conporneneH1-1si pe31-1cTopa 1-1 eM
Kocrn KOHAeHcaTopa, a KOnW·leCTBeHHO 6yAeT onpeAenSITbCSI TaK Ha3blBaeMOlii nOCTOSIH
HOlii epeMeH1-1 L1eno11K1-1, paeHolli npo1-13eeAeH1-110 RC (pa3yMeeTCSI, e cooTeeTCTBy10w,elii 
Cl-1CTeMe eAl-1Ht-1L\). 

Ho He3aBl-1Cl-1MO Hl-1 OT noCTOSIHHOlii epeMeHt-1, Hl-1 OT eent-111111Hbl np111no>KeHHOro Ha
npsi>KeHt-1SI xapaKTep eo3paCTaHl-1SI Hanpsi>KeHl-1SI Ha KOHAeHcarnpe ecerAa 6yAeT OCTa
BaTbCSI OAHl-1M 1-1 TeM >Ke: OHO 6yAeT B03paCTaTb no 3KCnOHeHTe. Ha HaweM p1-1cyHKe OHa 
BblfnSIAt-1T KaK Kp1-1easi, t-1AYUJ,aSI OT Ha11ana KOOPA1-1HaT 11epe3 TO'IKl-1 A 1-1 £5 1-1 AMbW0 Ha
npaeo 3a npeAenbl 11epTe>Ka B 6eCKOHe'IHOCTb, HO OHa HlllKOfAa He conbeTCSI co wfp"1x
nyHKTl-1PHOlli npSIMOlii, l-1306pa>Kal0w,elli Ha TOM >Ke rpacj>1-1Ke eem1111-1Hy Hanpsi>KeHlllfl lllC
TO'IHl-1Ka n1-1raH1-1si, Aa>Ke ecn1-1 cxeMa 6yAeT nOAKJllO'leHa K 111cro11Ht-1KY He roA 1-1 He 10 ner, 
a XOTb 10 BeKOB. 

no11eMy He COnbeTCSI? ,D,a t-1MeHHO nOTOMy, 'ITO 3Ta Kp111easi - 3KCnOHEHTA! npae
Aa, ecn1-1 Y>Ke 11epe3 11ac nocne BKJ11011eH111si nonb1TaeMCS1 t-13Mep1-1Tb pa3Hl-1L\Y Me>KAY Ha
npsi>KeH1-1eM t-1CT011Hl-1Ka 1-1 Hanpsi>KeH1-1eM Ha KOHAeHCaTope, y Hae BPSIA J1[,1 11TO-H"16YAb 
nony111-1rcsi. 

3ra pa3Ht-1L\a 6yAeT CTOJ1b Hl-111TO>KHa, 'ITO ee HeJ1b3SI YJ10Bl-1Tb H"1KaK"1Ml-1 caMblM"1 
11yBCTBl-1TeJ1bHblMl-1 np1-16opaM1-1, HO TeM He MeHee Teop1-1s:i npOAOJ1>KaeT Hacra1-1eaTb Ha 
TOM, 11ro 3Ta pa3Hl-1L\a, nycrb Aa>Ke caMasi pa3Hlll'ITO>KHasi, 6yAeT cyw,ecreoearb ecerAa, 
a c Teop1-1elii ny...we He cnop1-1Tb. 

B Hawelii nepeolii KH1-1re «A36yKa PaA1-10n106111Tens:i» npOL\ecc 3apsiAa 1-1 pa3pf!Aa KOH
AeHcaropa Mbl l-13Y11Ml-1 AOBOnbHO nOAP06HO. 

0AHaKO KaKOe OTHOWeH1-1e ece 3TO l-1Me0T K reHepaTOpaM? H1-1KaKOro, AO Tex nop noKa 
Mbl He BKJ1IO'lt-1J11-1 Ha Hawelli cxeMe TyM6nep, HO npe)l(Ae ocee>Kt-1M B naMSITl-1 KOe-KaK1-1e 
CBeAeHt-1SI 0 HeOHOBOlli naMnO'IKe. 

0Ha Ha3blBaeTCSI HeOHOBOlli KaK pa3 nOTOMy, 'ITO ee KOn6a BHYTPl-1 HanonHeHa Cl-1J1b
HO pa3pe>KeHHblM t-1HepTHblM ra30M - HeOHOM, KOTOpbllli B «HOpMaJ1bHOM», Hel-10Hl-131-1-
poeaHHOM COCTOSIHl-11-1, 3J1eKTp1-111eCKl-1ili TOK He npoBOAl-1T, a crano 6b1Tb, npeACTaBnsieT 
co6olli 6ecKOHe11HO 6onbwoe conporneneH1-1e. ,D,a>Ke ecn1-1 K naMno11Ke np1-111o>K1-1Tb HeKo
TOpoe He60J1bWOe nOCTOflHHOe Hanps:i>KeH1-1e, He np111BOAS1W,ee K B03Hl-1KHOBeHl-1IO npo
L\eCca l-10Hl-13al.\l-11-1 ra3a, KaprnHa He l-13MeHl-1TCSI. 1113MeHl-1TCSI OHa TOfAa, KOrAa np1-1no
>KeHHOe Hanpsi>KeH1-1e Bbl30BeT npOL\eCC l-10Ht-13al.\t-11-1, B pe3yJ1bTaTe 11ero 11epe3 naMnO'IKY 
nore11eT sneKTp1-111ecK1-1ili TOK, a 3Ha111-1T, ee conpoT1-1eneH111e nepecraHeT 6b1Tb 6ecK0He11-
HO 60J1bWl-1M 1-1 np1-1MeT HeKOTopoe peanbHOe 3Ha11eH1-1e. 

,D,aJlbHeliiwee, Aa>Ke Hl-111TO>KHOe yeen1-111eH1-1e Hanpsi>KeH1-1si Bbl30BeT nae1-1Hoo6pa3Hoe 
B03paCT8Ht-1e TOKa, conpoBO)l(Aa10W,eecsi, eo-nepBblX, B03Hl-1KHOBeHt-1eM cee11eH"1SI Heo
Ha 1-1, BO-BTOPblX, 011eHb pe3Kl-1M naAeH1-1eM BHyrpeHHero conporneneHl-1SI naMnO'IK"1. 
111 ecn1-1 e L1enb naMn011K1-1 He BKJ1IO'll-1Tb 3aw,1-1rHoe orpaH1-1111-1TeJ1bHOe conporneneH1-1e, 
npOlll30lliAeT KOPOTKOe 3aMblKaH1-1e t-1CT011Ht-1Ka 11epe3 naMnO'IKy, nocne 11ero "1CT011Hl-1K 
np1-1AeTCSI peMOHrnpoeaTb, a naMn011Ky - Bb16pOCl-1Tb. 

lllraK, eepHeMCSI K Hawelli cxeMe 1-1 ew,e AO BKJ1IO'leHt-1SI t-1CT011Hl-1Ka 3aMKHeM TyM6nep, 
r. e. nOAKJ1IO'll-1M naMn011KY napannenbHO KOHAeHcaropy. nocKOJlbKY ee conporneneH111e 
B t-1CXOAHOM COCTOSIHl-11-1 6eCKOHe'IHO, MO>KHO C11"1TaTb, 'ITO Aa>Ke 3aMKHYB ryM611ep, Mbl 
K KOHAeHCaTOpy pOBHblM c11eTOM H1-111ero He nOAKJ110'lt-1J1t-1. 

Tenepb BKJ11011aeM Hanpsi>KeH111e 111cT011H1-1Ka 1-1 Ha6n10AaeM 3a pocroM Hanpsi>KeH1-1S1 
Ha KOHAeHcarope. B crporoM COOTBeTCTBl-11-1 c Tpe6oeaH1t1eM reop1-11-1, 3TOT pocr 6y
AeT npOl-1CXOA"1Tb no 3KCnOHeHTe OT caMoro Ha11ana KOOPAl-1HaT a>K AO TO'IK"1 A Ha Ha
weM rpacj>1t1Ke. no11eMy He AaJ1bWe? noTOMy, 'ITO B TO'IKe A Hanpsi>KeH1t1e Ha KOHASH· 
carope AOcrnrHeT een11111111Hbl 60 B, a sro KaK pa3 1-1 ecrb Hanpsi>KeH111e 3a>K1-1raH1t1S1 Hawelit 
HeoHoeolii 11aMno11K1-1, nocne KOTOporo BHyrp111 11aMno11K111 Ha11Hercsi y>Ke on111caHHb11ii npo
L\ecc, BHyrpeHHee conporne11eH1-1e naMno11K111 cTaHeT 011eHb MMeHbKl-1M, 111 OHO nonpoc
TY 3aMKHer HaKoporKo KOHAeHcarop. KoHAeHcarop, ecrecreeHHO, TYT >Ke nonHOCTblO 
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paapsiA111Tcsi Yepea naMnOYKy, HanpS1)1(eH111e Ha HeM cpaay )l(e ynaAeT AO Hynsi, a eecb 3TOT 
CKopoTeYHbliii npot.tecc Hat1,o,eT ceoe orn6pa)l(eH111e Ha HaweM rpa<1>111Ke OTpeaKOM AB. 

Ho OAHoepeMeHHO c 3TlllM ynaAeT AO Hynsi 111 Hanpsi)l(eH111e Ha naMnOYKe. 0Ha, ecTe
cTeeHHO, noracHeT, ee conpOTlllBJ1eH111e CHOBa eoapaCTeT AO 6eCKOHeYHOCTlll, a no
CKOJ1bKY HanpS1)1(eH111e l!ICTOYHl!IKa OT cxeMbl HlllKTO He OTKJ1IOYan, TO KOHAeHcaTOp CHOBa 
KaK Hiii B YeM Hiii 6b1eano HaYHeT aapsi)l(aTbCSI no 3KCnOHeHTe, HO Tenepb Y>Ke He OT TOY
Kiil 0 AO TOYKlll A, a OT TOYKlll 8 AO TOYKlll T, nOCKOJ1bKY epeMSI He CTOlllT Ha MeCTe, a ABlll
)1(0TCSI OT TOYKlll 0 enpaeo no rop111aoHTanbHOiii oc111 Hawero rpa<1>111Ka. 

l-1 KOrAa HanpSl)l(eHllle Ha KOHAeHCaTOpe CHOBa AOpaCTeT AO 60 8 (T. e. AO TOYKlll T 
Ha rpa<1>111Ke), npot.tecc nonHOCTblO noeTop111Tcsi. OH 6yAeT caMOCTOsiTenbHO, 6ea Hawe
ro yYaCTlllSI, noBTOPSITbCSI HeorpaHlllYeHHOe YlllCJ10 pa3, OCTSBJ1SISI Ha HaweM rpa<1>111Ke 
CJ1eA B Bl!IAe Kp111eoiii, BHeWHe OYeHb HanOMl!IHalOLL\eiii ay6bSI 06blKHOBeHHOiii nl!IJ1bl. 
Mo)l(eT 6b1Tb, l!IMeHHO no3TOMY nepeMeHHOe HanpS1)1(eH111e, CSMOCTOSITenbHO reHep111py
eMoe Haweiii npocTeiiiweiii cxeMoiii, 111 Haaean111 n111noo6paaHblM Hanpsi)l(eH111eM. 

3TOT npocTeiiiWllliii reHepaTOp OTKpblBaeT co6oiii t.tenbliii PSIA TSK Ha3blB89MblX penaK
cat.tl!IOHblX reHeparnpoe, B YlllCJ1e KOTOpblX OYeHb pacnpocTpaHeHHblM Ill WlllPOKO np111Me
HS1eMblM siensieTcsi 6noK111Hr-reHeparnp. Ao nosieneHlllSI 111 w111p0Koro BHeApeH111si cnet.t111a
m1a111poeaHHb1x MlllKpocxeM OH SIBJ1SIJ1CSI, no)l(anyiii, eAlllHCTBeHHblM 3aAalOLL\lllM reHepa
TOPOM B cxeMaX KaAPOBOlii 111 CTPOYHOiii paaeepTOK ecex Tenee111aopoe Ill BlllAeOMOHlllTO
poe. TaKoe npeAnOYTeH111e OTAaBanocb 6noK111Hr-reHepaTOpaM 111a-aa 111x cnoco6Hocrn 
11erKO ClllHXpOHlll3111POl:!aTbCSI, T. e. ycTaHaBJ1111BaTb CBOIO co6CTBeHHylO YaCTOTY reHepat.tl!llll 
B TOYHOCTlll COBnaAalOLL\YIO c YaCTOTOiii BHeWHlllX TaK Ha3blBaeMblX ClllHXPOlllMnynbCOB. 

T111noeb1e cxeMbl 6noK111Hr-reHepaTOpoe Ha TpaH3111CTope 111 naMnoeoM TPlllOAe np111ee
,neHb1 Ha p111c. 63. OrpaHlllY1t1MCS1 CKaaaHHblM "1 He 6yAeM ceiiiyac 6onee nOAP06Ho aHa
J1"13"1POBaTb <l>1113"1KY np0"1CXOASILL\"1X B 3TOiii cxeMe npot.teccoe, nOCKOnbKY TeMa «Tene
B"1AeH1t1e» B nporpaMMY 3TOro Kypca (BTOpoiii KH"1r"1) He BXOA"1T. A K 6J10KlllHr-reHepaTO
paM Mbl ell.\e cnet.t1t1anbHO eepHeMcsi e cneAYIOLL\eiii KH1t1re. 

3aTO c .o,pyrnM reHeparnpoM 1t1MnynbCHb1x (Hec111yco1t1AanbHb1x) c111rHanoe Mbl ceiiiYac 
6yAeM 3HaKOM"1TbCSI OYeHb nOAP06HO, noCKOJ1bKY c 3TlllM TlllnOM reHepaTOpoe np"1A0TCSI 
YaCTO "1MeTb Aeno B npaKrnYeCKOiii pa6oTe, B YaCTHOCT"1 y)l(e Ha OAHOM 1113 6J11!1)1(aiiiw"1X 
3aHSITllliii. 

BxorlHble 
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a) 

P111c. 63. Ase cxeMbl 6110K111Hr-reHepaTOpos: 

a - HS TPSH31'1CTOpe; 6 - HS JlSMnOBOM TPlllO,Qe 

6) 

<PopMa 
2eHepupye11020 
HanpR)l(eHUR 

-ta 



6) B) 

P11c. 64. Mynbrne116paTOpb1: 

a - cxeMa npeepSIJ.l9HlllA ABVXKBCKSAHOro yc11n111TenA B MynbTl1Bl115paTop; 

6, B - Ha1116onee 'IBCTO BCTpe'IBIOIJ.ll19CA HB'lepTSHlllA cxeM ClllMMeTpl1'1HblX MYnl:1Tl1Blll6paTOpoa 

Cyu.iecTeyeT HeManO pa3HOBlllAHOCTei11 3T0'11 CX0Mbl, HO ece OHlll 06beAlllHSllOTCSI OA

HlllM 06u.\lllM Ha3BaHlll0M - MYJ1bTlllB1116paTOpb1. A TOT 1113 HlllX, KOTOpblM Mbl cei11Yac 3ai11-

M0MCSI, 111MeeT Aa:>Ke co6cTeeHHOe 111Msi: c111MMeTp111YHb1'11 MYJ1bT111e1116paTOp A6paxaMa-

611oxa. 

Ho Ha'IH0M c Toro, '!TO BHlllMaTSJlbHO nplllCMOTPlllMCSI K cxeMe Ha p111c. 64,a. 3AeCb 

HST Hlll'lero HOeoro: 3TO caMblUI 06blKHOB0HHbli11, ec11111 He CKa3aTb - npocTeHWlllH -

ABYXKaCKSAHblH YClllJ1111T0Jlb Hanpsi:>KeHlllSI Ha TpaH3111CTOpax, pa60T810u.\lllX nc cxeMe 

c 06u.\lllM 3MlllTT0POM. 0 TaKOH cxeMe BKJll0'10HlllSI Mbl 3HaeM Y:>K0 ece, B TOM 'llllCJ10 Ill TO, 

'!TO Ka)l(AblH TaKOH KaCKSA 1113M0HSl0T cpa3y nOABOAlllMOro ClllrHana POBHO Ha 180°. 
3TOT cpaKT ce!.1YaC oco6eHHO Ba:>KeH, no3TOMY B03J1e Ka:>KAOH 6a3bl Ill KB:>KAOro KOJ1-

J10KTOpa Mbl Ha p111cyHKe 111306pa3111Jllll 3TO B BlllA0 MaJ10HbKlllX ClllHyCOlllAOK Ill AOnon

HlllT0JlbHO 3Ha'!KaMlll «+»Ill«-», KOTOPble COOTB0TCTBYIOT nonO:>KlllT0J1bH0'11 Ill OTPlllL\aTeJlb

HOi71 cpa3e. 

Yc11111111Tenb KaK yc11111111Te11b: c11eea - exoA, cnpaea - BblXOA. 0,o.Ha Ma11eHbKas:1, 

HO 0'10Hb cyu.iecTB0HHas:t ASTanb: cpa3bl ClllrHana Ha BXOAe Ill Ha BblXOAe yc11111111Tem1 co

BnaAatOT. "1 ec11111 Mbl Tenepb COSAlllHlllM MS:>KAY co6o!.1 BXOA Ill BblXOA yClll11111T011SI, KaK 3TO 

111306pa:>K0HO Ha cxeMe nyHKTlllPHOH 11111Hlll0H, TO Haw YClll11111T011b H0M0Al10HHO npeepa

TlllTCS'I B reHepaTOP c caMOB036y)l(A0H1110M, T8K KaK Mbl C03Aanlll Heo6XOAlllMbl0 ycnOBlllSI 

A.'1SI 3TOro. 

BCS!Kllliil npoL,\ecc ecerAa Ha'llllHaeTCSI c Yero-Hlll6YAb lllCXOAHOrO, n03TOMY Mbl lllMeeM 

npaeo AOnyCTlllTb, '!TO B H8'l8J1bHb1&71 MOM0HT o6a TpaH3111CTopa HaXOASITCSI B H0K00M 

CP0AH0M COcTOSIHllllll, T. e. HanOJlOBlllHY OTKpblTbl. 

Tenepb no K8KOi71-TO H01113B0CTH0&71 HBM BH0WH0&71 np111'1111He Hanps:t:>K0Hllle Ha 6a3e nep

eoro TpaH3111CTOpa CTa110 COBCeM 'lyrb-4YTb 6011ee n0110:>KlllT011bHblM. 

BcneA 3a STlllM Hanpsi:>KeH111e Ha nepeoM Ko1111eKTope Tyr >Ke cTano 6011ee OTPlllL\a

TenbHblM, HO y:>Ke He COBCeM 4yrb-4yrb, a BeCbMa 3aMeTHblM, nOCK011bKY KacKaA-TO 
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y HBC yc111n111TenbHblH. TO'IHO TBK )Ke HeMeAT1eHHO 1113MeHlllTCSI Ill Hanpsi)l(eH111e Ha 6a3e 

BTOporo TPBH3111CTOpa, nOCKOnbKY OHO B TO'IHOCTlll noeTOpsieT Ill no BMnnlllTYAe, Ill no 

<J>a3e Hanpsi>KeH111e Ha KonneKTope nepeoro TpaH3111CTopa. 

A 3TO Bbl30BeT Y*e O'leHb pe3KOe yeen111'1eH111e nonO)l(lllTenbHOrO Hanpsi>KeHlllSI Ha 

KOnneKTope BTOporo TPBH3111CTOpa (BTOpoVl-TO KBCKBA KBK-HlllKBK TO)l(e yClllJ1111TenbHblVI!). 

A nOCKOJ1bKY BblXOA BTOporo KBCKBAB y HBC npsiMO CBSl3BH co BXOAOM nepeoro, TO nony

'lBeTCSI, '!TO AB)l(e coeceM Hlll'lTO)l(HOe yeen111'leH111e nOJ10)1(111TenbHOro Hanpsi)l(eHlllSI Ha 

6a3e nepeoro TPBH3111CTopa MrHOBeHHO Bbl30BeT COOTBeTCTBYIO~YIO peBKL\llllO eceVI 

cxeMbl. KaKylO lllMeHHO? A O'leHb npocTyio: AB)l(e CBMOe pa3Hlll'ITQ)l(H0e yeen111'leH111e 

«nJ1IOCB» Ha nepeoVI 6a3e HeMeAT1eHHO o6epHeTCSI AOnOnH111TeJ1bHblM nnlOCOM Ha TOM )Ke 

6a3e, TOnbKO ropa3AO 60J1bWlllM no een111'!111He. Ho TBKOe yeen111'leH111e nnioca TYT *e 

np111eeAeT K nosieneHllllO e~e 6onbwero nnioca Ha KonneKTOpe eTOporo TpaH3111CTopa, 

KOTOpoe, B CBOIO O'lepeAb, CHOBB eepHeTCSI Ha nepsyio 6a3y ... 

Kopo'le roeopsi, orpOMHblVI nnioc Ha nepeoVI 6a3e np111eeAeT nepsb1VI TpaH3111CTOP 

B COCTOSIHl/le nonHoro HBCbl~eHlllSI, KOTOPOMY COOTBeTCTByeT eepXHlllM 3ar1116 KonneK

TOPHOVI xapaKTep111CT111Kl/I. A np111 TBKOM COCTOSIHllllll HlllKBKOM TPBH3111CTOP Y*e He B co

CTOSIHllllll Hlll'lero yc111n111BBTb, CKOnbKO 6bl Mbl Hiii ysenlll'llllBBnlll ABnbWe nnioc Ha 6a3e. 

K 3TOMY MOMeHTY KBPTlllHB TaKasi: TOK 'lepe3 nepBblH TPBH3111CTOP MBKClllMBnbHblVI, 

3HB'llllT, nBAeH111e Hanpsi>KeHlllSI Ha pe3111CTOpe HarpyaKlll R2 TO)l(e MBKClllMBnbHOe, ecneA

CTBllle '!era HanpS1)1(eH111e Ha nepBOM KOnneKTope 6J11113KO K Hynio, n03TOMY KOHAeHCBTOP 

C1 3apsi)l(eH TBKlllM o6pa3oM, '!TO Hanpsi)l(eH111e Ha era neeoVI o6KnBAKe 6onee OTPlllL\B

TenbHOe, 'leM Ha npaeoVI, C00AlllHeHHOM c 6a30VI BTOporo TpaH3111CTOpa. 

Ho nOCKOJ1bKY 1113-38 HaCbl~eHlllSI nepsoro TPBH3111CTOpa npOL\eCC KBK 6bl np1110CTBHO

BlllJ1CSI, TO Ill HanpSl)l(eHllle nOJ10>KlllTeJ1bHOM o6paTHOM CBSl3111 co BTOporo TpaH3111CTOpa Ha 

6a3y nepeoro nepecTano nOCTYnBTb. 

A '!TO *e KOHAeHcaTop C1? Tenepb np111'1111Ha AflSI era nOA3BPSIAKlll yKB3aHHOVI nonsip
HOCTlll lllC'leana, Ill OH HB'lan noManeHbKY pa3pS1)1(8TbCSI. 

nocKOJ1bKY pa3pS1)1(8TbCSI OH MO)l(eT TOnbKO no L1en111 HalllMeHbwero conporneneHlllSI 

(T. e. B ABHHOM cny'lae 'lepe3 nepeXOA 6a3B-3MlllTTep BTOporo TpaH3111CTOpa), TO 1113Me

HlllBWeecsi Ha nporneonono)l(HOe HanpasneH111e pa3pS1AHOro TOKB np111seAeT K nepeMeHe 

nonsipHOCTlll Ha 6a3e BTOporo TPBH3111CTOpa, ecneACTBllle '!era HeMeAfleHHO noMeHsieTCSI 

Ill <J>a3a Hanpsi)l(eHlllSI HB BblXOAe BTOporo TPBH3111CTOpa, KOTOpoe BMeCTO nonO>KlllTeJ1b

HOrO Tenepb 6yAeT OTPlllL\aTenbHblM (T. e. yMeHbWalO~Mcsi no a6con10THOVI een111'!111He). 

Ho nocKOJ1bKY 3TO *e Hanpsi>KeH111e np111no>KeHo K 6a3e neeoro TPBH3111CTOpa, TO 111 

OHO Ha'!HeT cTpeM111TenbHO yMeHbWaTbCSI. TaK 'ITO TPBH3111CTOpb1 noMeHS110TCS1 ponsiM111: 

nepBblH nO'lTlll MrHOBeHHO QKB)l(eTCSI HBAe)l(HQ 3BnepTblM 60J1bWlllM «MlllHyCOM» Ha 6a3e, 

a BTOpoVI nepeVIAeT B COCTOSIHl/le HBCbl~eHl/ISI. 

A A8J1bWe 6yAeT KaK B CKB3Ke npo 6enoro 6bl'IKB. npOL\eCC 6yAeT CBMOCTOSITeJ1bHO 

npoAOn)l(BTbCSI 6e3 Hawero y'laCT111si. A KBK >Ke c nepeonp111'1111HoVI? He 111MeeT HlllKaKoro 

3Ha'leHlllSI Ha KaKYIO eeJllll'llllHY Ill B KaKOM HanpaeneHllllll 1113MeHlllTCSI HanpS1)1(eH111e Ha J1I0-

60M 3JleKTPOAe J1I060ro 1113 AByx TPBH3111CTOpoe, noCKOJ1bKY OAHOro 3TOro <J>aKTB OKa

>KeTCSI enonHe AOCTBT04HO, 4T06bl «nPOL\eCC nowen». 

KaKoi.1 *e c111rHan 6yAeT reHep111poeaTb Haw MYJ1bT111e1116paTop? 3TO TO)l(e 04eHb 111H

TepeCHb1VI eonpoc, Tenepb Y*e 04eHb nerK111VI. Bo3bMeM 111 Hap111cyeM rpa<J>111K 3ae111c111Mo

crn KOJ1J1eKTopHoro Hanpsi>KeHlllSI OT epeMeHlll AflSI 060111x TPBH3111CTopoe, KaK 3TO CAena

HO Ha p111c. 65. nocKOJ1bKY Mbl B CBMOM HB4ane AOrOBOplllJ1111Cb, 4TO o6a TpaH3111CTOpa 

B lllCXOAHOM COCTOSIHllllll HaXOASITCSI B HeKOTOpOM «CpeAHeM» nOJ10)1(eHllllll, 6yAeM C4111-

TBTb, 4TO Ill TOKI/I 4epe3 HI/IX TeKYT cpeAHllle, Ill nBAeHlllSI Hanpsi>KeHlllSI Ha KOJ1JleKTOPHblX 

H~rpy3KBX cpeAHllle, a 3HB4111T, Ill Hanpsi>KeHlllSI Ha KOJ1J1eKTOpax TO)l(e cpeAHllle Me>KAY 
MaKClllMBJ1bHblM Hanpsi>1<eH111eM lllCT04H111Ka nlllTaHlllSI Ill HyneM. 3TOT Haw c T060VI yroeop 

Ha rpa<J>111Kax a Iii 6 OTpa>KeH KOPOT9HbKOVI roplll30HTBnbHO~ 49PTO'IKOVI B CBMOM HB4ane 

06e111x KPlllBblX. 
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Ho KaK TOnbKO «npoL1ecc nowen», a) EK1 
Hanpsi>KeHHe Ha KonneKTope nepeoro 

TpaH3"1CTOpa npaKTMYeCKM MrHOBeHHO 

(npOL\eCC-TO KaK-HMKaK HOCMT naBHHO-

o6pa3Hbllil xapaKTep!) cTaHeT noYrn pae-

HblM Hymo, a Hanpsi>KeHHe Ha BTOPOM 

KOnneKTOpe nOYTM paBHblM Hanpsi>Ke

HMIO MCTOYHMKa nMTaHHSI. 

,D,anbwe KaKoe-TO epeMSI HHKaKMX 6) 
BMAMMblX H3MeHeHMlil npOMCXOAMTb He 

6yAeT. 

A He 6yAeT noTOMy, YTO OAMH "13 ABVX 

HaWMX KOHAeHCaTopoe 3aPSIAMnCSI «Ha 

BCIO KaTYWKY» H TaK HaAe>KHO 3anep co-

OTBeTCTBYIOW.Mlil TpaH3"1CTOp, YTO OH He 

OTKpoeTcsi AO Tex nop, noKa Hanpsi>Ke- a) 
HMe Ha 3TOM caMOM KOHAeHcaTOpe He 

yMeHbWMTCSI AO TaKolil eenMYMHbl, npH 

KOTOPOM Hanpsi>KeHMe Ha 6a3e TpaH3"1C-

TOpa nOBblCMTCSI AO nopora, npH KOTO-

poM yepe3 TpaH3"1CTOp noTeYeT XOTH 6bl 

HMYTO>KHbllil TOK. A KaK TOnbKO 3TO npo

"130lilAeT, MrHOBeHHO npOM30lilAeT naeM

H006pa3Hbllil npoL1ecc nepe3apsiAa 060-

MX KOHAeHcaTopoe AO MaKCMManbHOlil 

eenMYHHbl, HO y>Ke npOTHBOnOnO>KHOlil 

nonsipHocrn. 

t 

t 

T2 t 

P111c. 65. 3ae111c111MOCTb Hanp11>KeH11111 

Ha KOJllleKTopax TpaH3111CTOpoB OT epeMeHlll 

111 OnSITb HacrynMT nay3a, noKa Tenepb Y>Ke APYrOlil KOHAeHCaTOp He pa3PSIAMTCSI Ha

C'..-OnbKO, YT06b1 Y>Ke yepe3 APYrOlil TpaH3MCTop HaYan npoTeKaTb ManioceHbKHlil Ko1111eK

TOpHb11il TOK. ,lJ,nMTenbHOCTb nay3bl 6yAeT onpeAenSITbCSI MCKnlOYMTenbHO noCTOSIHHOlil 

epeMeHM 3aPHAHO-pa3PHAHOlil L1enoYKM, paeHolil npsiMOMy npOH3BeAeHMIO RC (pa3yMe

eTcsi, B COOTBeTCTBYIOW.elil CMCTeMe eAMHHL\!). 

3HaYMT, YeM 60nbwe conporneneHMe pe3MCTopa H 60nbwe eMKOCTb KOHAeHCaTOpa, 

TeM 60nbwe nOCTOSIHHasi epeMeHM "'· COOTBeTCTBeHHO, AJlMTenbHOCTb nayabl, T. e. TeM 
HM>Ke YaCTOTa C06CTBeHHblX KOne6aHHlil MynbrnBM6paTOpa. 

3TO B CBOIO OYepeAb n03BOnSleT, "13MeHSISI eenHYMHbl R "' C, B WMPOKMX npeAenax 

M3MeHSITb co6cTBeHHYIO YaCTOTY reHepal.\HM MYnbTMBM6parnpa. 111, AelilcTBMTenbHO, HM

KaKoro TpyAa He COCTaBnSleT CAenaTb 3TY YaCTOTY, paBHOlil AonSIM repl.\a HnM COTHSIM 

KMnorepl.\. 

111, HaKOHel.\, nocneAHee. '-lyrb paHbWe Mbl CKa3anM, YTO paCCMOTpeHHbllil HaMM 

MynbT"1BM6paTOp SIBnSleTCSI CMMMeTpMYHblM. noCMOTpMM Ha <j>OpMy KpMBOlil Ha rpa<j>M

Kax PMC. 65,a "' 6. 
3Ta <j>opMa 6yAeT CHMMeTpMYHOlil, ecnM 6YAYT paBHbl Me)l(Ay co6olil conporneneHMSI 

o60MX pe3HCTOPOB "' eMKOCTM o60MX KOHAeHCaTOpOB, a o6a TpaH3HCTOpa - OAHOrO "' 

Toro >Ke rnna "' npMTOM c OAMHaKOBblM K03<j><j>HL\MeHTOM ycMneHHSI. 
A ecnM, K npMMepy, conpoTMBneHMe OAHOrO H3 pe3HCTopoe B3SITb noMeHbWe, a OAHY 

"13 eMKOCTelil YYTb no6onbwe? TorAa y ABVX RC-L1enoYeK OKa>Kyrcsi pa3Hble nocTOsiHHble 

epeMeHM "' AJlMTenbHOCTM AByx COCeAHMX naya OKa>KyrCSI pa3HblM"1. 3TO He"136e>KHO 

npMBeAeT K "13MeHeHMIO <l>OPMbl reHepMpyeMOro HanpSl>K0HMSI, KOTOpasi CTaHeT TaKOlil, 

KaK nOKa3aHO Ha PMC. 65,s. 111 ecnM AJlMTenbHOCTb OAHOlil nayabl 0603HaYMTb Yepe3 T1' 
a APyrOlil - Yepe3 T2, TO OTHOWeHHe srnx ABVX «T» 6yAeT xapaKTepM30BaTb OAMH "13 

ea>KHelilwHx napaMerpoe reHepMpyeMoro MMnynbCHoro Hanpsi>KeHMSI - ero CKBa:>K-
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HOCTb, a ecm1 3TB CKBB>KHOCTb 6yAeT paeHa eAlllHlllU,e (T. e. AlllllTenbHOCTlll naya OAlll
HBKOBble), TO npo 3TOT "IBCTHbliil CJlyYaiil nplllHRTO roeoplllTb, LffO cxeMa reHep111pyeT 
MeBHP,p. 

OcTa11ocb OTBeTlllTb Ha eonpoc, "!TO STO aa Tp111 pa3Hble cxeMbl 111ao6pa>KeHb1 Ha 
p111c. 64. 3AeCb 111ao6pa>KeHa OAHa 111 Ta >Ke cxeMa Hawero ClllMMeTplll'iHoro MynbT111-
e1116paropa. Ha ecex cxeMax coxpaHeHa OAlllHBKOBBR HyMepau,111si ecex cxeMHblX sne
MeHTOB, a np111BeAeHbl STiii BPOAe 6bl PB3Hble CX0Mbl noTOMy, "!TO B ABJ1bHeiilwei71 Haweill 
A0RTeJ1bHOCTlll OAlllHaKOBO "IBCTO 6YAYT BCTpe"IBTbCR pa3Hble HBYepTBHlllR OAHlllX Ill Tex 
>Ke cxeM. 

Ha cerOAHR sroro eno11He AOCTaTO"IHO, TBK "!TO np111crynaeM K OYepeAHOiil pa6oTe 
no o6opyAOBBHllllO pa6oYero MecTa. 

flpaKTHKa 

B caMoe 6n111>Kaiilwee epeMR HaM npeACTOlllT nOYTlll nocTOAHHO lllMSTb Aeno c TpaH
a111crapaM111 111 nonynpoBOAHlllKOBblMlll np1116opaM111, a AllR sroro HBAO 6b1Tb ecerAa yee
peHHblM, "!TO JllOOOiil TP8H31/1CTOP 1111)111 AlllOA, KOTOPbliil co6111paeMCR enaRTb B cxeMy, KaK 
MlllHlllMYM 111cnpaeeH Ill lllMeeT lllMeHHO Te napaMeTpbl, KOTOpble He06XOAlllMbl AllR AaH
HOiil KOHKpeTHOiil cxeMbl. 

,lJ,nR aToro Heo6XOAlllMO 111MeTb cneu,111anbHb1lll np1116op AllR npoeepK111 111 111aMepeH111R 
OCHOBHblX napaMeTpoe AlllOAOB Ill TPaH3111CTOPOB. 

CeroAHR TBKOiil np1116op MO>KHO 6e3 TPYAB np11106pecT111 B TOproeolll CeTlll, AB Ill CTOlllT 
OH He TaK Y>K Ill AOporo, HO KaKolll :>Ke yea:>Kaiow.111111 ce6R PBAlllOJ1106111Tenb CTaHeT noKy
nBTb np1116op, KOTOpbllll OH B COCTORHllllll CAeJ1BTb CBOlllMlll PYKBMlll? TaK "!TO np1116op 6y
AeM AenaTb CBMlll. 

np1116op, ecTeCTBeHHO, He YHlllBepcanbHbli.1111 BCeMoryw.111111, HO OCHOBHble 1113MepeHlllR 
Ha HeM npOlll3BOAlllTb MO>KHO. npe)l(Ae ecero c ero nOMOW.blO MO)l(HO 1113MepRTb npRMble 
(AO 20 MA) Ill o6paTHble (AO 200 MKA) TOKI/I AlllOAOB np111 HanpR>K9Hllllll 4 B. y 6111nonRpHblX 
TPBH3111CTOPOB MO>KHO 1113MepRTb TOKI/I KOJ1J1eKTop-6aaa, 3MlllTTep-6aaa Ill l<OJ1J1eKTOp-
3MlllTTep, a TaK>Ke Koscj>cj>111u,111eHT nepeAaYlll IJ/J 200. 

KpoMe Taro, MO>KHO npaeep111Tb nio6olll TPBH3111CTOP Ha era cnoco6HacTb pa6oTaTb 
e KBYeCTee reHepaTopa. HaKOHeLI,, ycTaHoe111e a np111eMHble rHe3Aa aaeeAOMO 111cnpae
Hbllll TPBH3111CTOP mo6ora Tl/Ina c K03Q>cj>111u,111eHTOM ~ He Hlll>Ke 40, MO>KHO npeepaTlllTb 
HBW np1116op B 3BYKOBOili reHepaTop, AalOW.111111 Ha BblXOAe 6oraTbliil rapMOHlllKBMlll ClllrHBJl 
w111p0Karo cneKTpa c aMn11111TYAOlll AO 30 B (np111 paaoMKHYTOM 1<1110Ye SAS 111n111 6n111aKoe 
K c111Hyco111ABnbHOMy Hanpsi>KeH111e c aMnn111ryAOM AO 15 B (np111 aaMKHyrOM l<1llOYe SAS). 

nonHaR cxeMa np1116apa np111eeAeHa Ha p111c. 66. KaK BlllAHO 1113 cxeMbl, OH He 111MeeT 
C06CTBeHHOro lllCTO"IHlllKB nlllTBHlllR, a paCC"llllTaH Ha nOAl<1110"leH111e BHewHero lllCTO"IHlll
Ka, B KB"leCTBe KOTOporo MO>KHO lllCnOJlb30BBTb ranbBBHlll"leCKl/le sneMeHTbl (Hanp111Mep, 
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6aTapeiilKy K5Cn OT «n11ocKoro» KapMaHHoro cj>0Hapv11ca), m'16o m1TaTb ero, KQrp,a no
Tpe6yeTcsi, OT yH1t1Bepca11bHOro 6110Ka n1t1T8Hlf1R, KOTOPblM pa6o'fee MeCTO yxce o6opy
AOBaHO, 111!160, HaKOHe~. COOPYAl!1Tb He60llbWOH Ma/lOMOU,.\Hbliil BblnpSIM1!1T011b. 

+ 48 -

VDT 11.102 

,... 
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R2 200 
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E :;.. 
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P111c. 66. CxeMa np1116opa AllR npoeepK111 
nonynpoBOAHlllKOBblX AlllOAOB Ill TpaH3111CTOPOB 

[4 0,01 MK 

!! 

1SA5 

CJ 
0.0JJ MK 

Ha1i16011ee c11oxcHy10 LfaCTb cxeMbl cocTaB11sieT KOMMYTa~1i1si ecex BHYTPeHH1t1x ~ene'1, 
c nOMOll.\blO KOTopoiil ocyU,.\ecTe11ReTcsi nepexoA OT om-ioro e111p,a 1i1aMepeH1i1iil K APYroMy. 
,D.nsi ee pea111i1aa~1i11i1 e cxeMe 1i1Me10TCR nRTb Heaae1i1c1t1Mb1X nepeK1110'iaTe11eiil: SA 1, SA2, 
SA3, SA4"' SAS. nepeK1110'iaTe11111 aT111 eb16paHb1 paaHblX nmoe, np1i1LfeM CAe11aHo 3TO He 
c11y'faii1Ho, a AllR YA06cTBa aKcn11yaTa~1i11i1. 

Sm nepeK1110'faTe111i1 noKaaaHbl e )1(1!1BOM e1i1Ae Ha p1i1c. 67, LfT06bl 6bl110 11ef'Lfe op1i1eH
rnpoeaTbCR np1i1 1i1x np1i106peTeH1t11i1. nepeK1110'faTe11b SA 1 eb1no11HeH Ha C,IJ,BOeliHOM 6110-
Ke rnna n2K c aae1i1c1t1MblM nepeK1110'ieH111eM. 

STO 03Ha'faeT, 'iTO np111 Ha)l(8Tllllf1 Ha lll06yl0 1!13 AByx KHOnOK OHS cl>1t1KClllpyeTCR B Ha
)l(aTOM n0/10)1(0Hlf1111, a BTOpasi KHOnKa B03BpaU,.\aeTCR B 1!1CXOAHOe, OT)l(8TOe n0110)1(jHl!10, 
111 Hao6opoT. 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

HTJB HT-I 

P111c. 67. BHewH111Lil BlllA nepeKmo'jarenelil, 111cnonb30BaHHblX e KOHCTPYKU.111111 np111t>opa 
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Cpa3y nosicH111M, 'ffO AJISI ocyw,ecTe11eH111si ecelll Heo6xoA111Molll KOMMYTau.111111 enonHe 

AOCTaTOl.fHO Ill OAHOlil ceKU,111111 n2K, B 'f0M MO)l(HO 6e3 TPYA0 y6eAlllTbCSI, aHa/11113111PYSI cxe
My. Ho TOrAa 3a'feM )Ke 111MeTb BTOPYIO ceK1.1,111io? 

3TOT nepeK11t0'faTe11b KOMMYT111pyeT rnn npOBOAlllMOcrn nOAK1110'faeMoro TpaH3111CTO
pa: p-n-p 11111111 n-p-n. 

B np111H1.1,111ne MO)l(HO np111MeH111Tb OAHY ceK1.1,111io c He3ae111c111MblM nepeK1110l.feH111eM, 

KOrAa nepeK1110'faTel1b np111 H0)1(aT111111 cf>lllKCll!pyeTCSI B YTOn/leHHOM nO/lO)l(eHllllll, a np111 no

BTOPHOM H0)1(aTllllll - B omyw,eHHOM n0/10)1(0Hllllll. 0AHaKO B 3TOM C11yl.fae npll!XOAlllTCSI 

ecerAa AYMaTb, KaKOMY 1113 3TlllX nO/lO)l(eHllllil COOTBeTCTByeT TOT 11111111 Apyrolll rnn npoeo
AlllMOCTlll TpaH3111CTOpa. 

np111MeHll!B n2K C ABYMSI CeKU,lllSIMlll, OAHY 1113 HI/IX Mbl 6yAeM lllCn011b30BaTb KaK pa6o

'fYIO, a Ha AO/llO BTOpolll CeKU,111111 OCTaHeTCSI /lll!Wb B03Bpaw,aTb nepeytO, pa6o'fyl0 KHOnKy 

B lllCXOAHOe OT)l(aTOe COCTOSIHll!e np111 H0)1(aT111111 Ha KHOnKy XO/lOCTOlil ceKU,111111. Ill B 3TOM 

cnyl.fae He H0AO K0)1(Abllll pa3 30AYMb1BaTbCSI, nOCKO/lbKY Ha Ka>KAOlil 1113 KHOnOK AOCTa

TO'fHO 6yAeT H0Anll1CaTb, KaKOMY BlllAY npOBOAlllMOCTlll TpaH3111CTOpa COOTBeTCTByeT Ha
)l(aTaSI KHOnKa. 

TaK111M o6pa30M, npeAJ1araeTcsi Ha Bb16op ABa coeepweHHO paeH01.1,eHHblX eap111aHTa. 

LITO KacaeTCSI p111cyHKa ne'faTHOlil nnaTbl, TO OH np111rOAeH AJISI 060111x eap111aHTOB 6e3 BCSl
KlllX 1113MeH0Hllllil. 

B Ka'feCTBe nepeK11t0YaTe11elll SA2 111 SA3 111cno11b30BaHbl CABOeHHble MlllKPOTYM611e

pb1 rnna MT3B, a SA4 111 SAS - OAlllHO'fHb1e MlllKPOTYM611epb1 rnna MT1. 

OcHoey np1116opa cocrnensieT ro11oeKa (M111KpoaMnepMeTp) c no11HblM OTK110HeH111eM 

Ha BCIO WKa/ly np111 TOKe B 200 MKA. Ee BHYTP0HHee conpOTlllB110Hllle paBHO 650 OM. np111 

APYrOM 3Hal.feH111111 BHYTP0HHero conporne11eH111si Heo6XOAlllMO 6yAeT 1113MeHlllTb HOM111Han 

pe3111crnpa Rt - ero ee111111.f111Ha cocrnensieT 1% OT ee111111.f111Hbl BHYTPeHHero conporne11e

H111S1 ro11oeK111. 

TpaHccf>opMaTop Tp1 HaMOTaH Ha W-o6pa3HOM MarH111TOnpoeoAe pa3MepoM W9x10 

Ill lllMeeT c11eAyt0w,111e A0HHble o6MOTOK: nepBllll.fHaSI COAep)l(lrfT 100 + 20 BlllTKOB npOBOAa 

nsn-0,25, BTOPlll'fHaSI - 1600 BlllTKOB npOBOAa nss 11111111 nan 0,08. 

L!111c110 BlllTKOB BTOPlll'fHOlil 06MOTKlll coeepweHHO He KplllTlll'fHO, B np111H1.1,111ne ee B006-

w,e MO)l(HO He HaMaTblBaTb. 0Ha Hy)l(Ha T011bKO AJISI TOro, 'fT06bl c Hee CHll!MaTb nepe

MeHHOe HanpS1)1(0Hll!e 3BYKOBOlll 'faCTOTbl, KOrAa np1116op ll!Cn011b3yeTCSI B Ka'feCTBe reHe

paTOpa. 

np111 yKa3aHHOM 'fll!Cne BlllTKOB (1600) Hanpsi)l(eH111e 3ByKoeolll 'faCTOTbl nony'faeTcsi 

30 11111111 15 B B 3ae111c111Mocrn OT no11o)l(eH111si nepeK11t0'faTe11si SAS. Ec11111 nOAXOAlllT Hanpsi

)l(eH111e 3 Ill 1,5 B COOTBeTCTBeHHO, TO BO BTOPlll'fHOlll 06MOTK0 AOCTaTO'fHO 6yAeT Ha

MOTaTb ecero 160 BlllTKOB Ill np111 3TOM MO)l(HO 6yAeT yee/11111.fll!Tb All!aMeTp npOBOAa 

AO 0, 15 ... 0,2 MM. 

TaKYIO 06MOTKY HaMOTaTb 6yAeT HecpaeHeHHO ner'fe. npaBAa, B 3TOM cny'fae He 6y

AeT 3aropaTbCSI lllHAlllKaTOpHaSI HeOHOBaSI naMnO'fKa Ill ee MO)l(HO 6yAeT eoo6w,e lllCK/ll0-

1.f lllTb, a Ha ee M0CTO nocTaBll!Tb 11t06olll CB0TOAlllOA c BK/llO'f0HHblM noc11eAOBaTe/lbHO 

orpaHlll'fl!ITellbHblM pe3111CTOPOM, BeJllll'flllHY KOTOporo nOH0A06111TCSI nOA06paTb onblT

HblM nYTeM no «yMepeHHOMY» CBe'feHllllO CBeTOAlllOAa. 

KaK pa6oTaeT np1116op 111 KaK 111M no11b3oeaTbCS1? Pe)l(lllM npoeepK111 ycTaHae11111eaeTcsi 

nepeK11t0'farn11eM SA3. OH 111MeeT ABa no11o)l(eH111S1, KOTOpb1e Ha 11111u.eeolll naHe11111 H0AO 

6yAeT noMeTlllTb 3Ha'fKaMll! «=» Ill «-», 'fTO COOTB0TCTByeT 1113MepeHllllO nOCTOSIHHblX TO

KOB AlllOAOB Ill TpaH3111CTOPOB np111 nO/lO)l(eHllllll «=», a B nO/lO)l(eHllllll «-» - npoeepKe 

e reHepaTOPHOM pe)l(111Me (np111 3aMKHYTOM no11o)l(eH111111 nepeK1110l.faTe11si SA4). 
np111 lllCnblTaHllllll AlllOAOB ero BblBOAbl nOAC00AlllHSllOT K BXOAHblM pa3beMaM (3a)l(lll

MaM), noMel.feHHblM 6yKBaM111 :3 111 K c co611t0AeH111eM no11sipHocT111 AlllOAa. Ansi 1113Mepe

HlllR npsiMoro TOKa nepeK1110'faTe11b SA2 AOJ1)1(0H 6b1Tb 3aMKHYT, a AJISI o6paTHoro TOKa -
pa30MKHYT. 
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P11c. 68. Bap11aHT BHewHero B1<1Aa np116opa 
11 pacnonolKeH1<1R opraHoe ynpaeneH1<1R 

) 
ID 

~ 

Bee TpaH3111eTOPbl nOAKillO'ialOTeSI K BXOAHblM 3a>KlllMaM (S, 5, K) OAlllHaKOBO, H03a
BlllelllMO OT rnna npoeOAlllMOeT111, a nepeKI110'iaTenb SA 1 yernHaen111ea10T e HY>KHOe no
no:>KeH111e. Ha np111Hu,111n111anbHOH exeMe noKa3aHo, KaKoe 1113 ero nono:>KeH111H eooTeeT
eTByeT TOMY 111n111 APYfOMY rnny npoBOAlllMOeT111. 

CTaTlll'ieCKlllH K03Q>cj>111u,111eHT nepeAa'illl TOKa TpaH3111CTOpa 1113MepsieTCSI np111 3aMKHy
TOM nono:>KeH111111 nepeKillO'iaTensi SA2. np111 3TOM pe3111crnp Rt wyHT111pyeT 1113Mep111Tenb
Hy10 ronoeKy, pacw111psisi npeAenb1 1113MepeH111si AO 20 MA. nocKOnbKY conporneneH111e 
pe3111cTopa R4 paeHo 39 KOM, a Hanpsi:>KeH111e 111CTO'iH111Ka - 4 B, TO AnSI ecex 111cnb1ry-
8MblX TpaH3111eTOPOB TOK 6a3bl npaKTlll'ieCKlll paeeH 0, 1 MA, n03TOMy Bee ou.111Q>poeaHHble 
AeneHlllSI WKanbl np1116opa npsiMO noKa3blBalOT K03Q>Q>111u,111eHT nepeAa'illl no TOKY (AO ee
nlll'illlHbl 200). 

YT06bl npoeep111Tb cnoco6Hocrb TpaH3111CTOpa reHep111poeaTb, nepeKn10'iaTen111 
AOn:>KHbl HaxOAlllTbCSI e nono:>KeH111six: SA2 - pa30MKHYT, SA4 - 3aMKHYT, a SA3 - e no
no:>KeH111111 «-». MoMeHT B03HlllKHOBeH111si 111 cpb1ea reHepau,111111 onpeAensieTCsi nono:>KeH111-
eM pe3111crnpa RS, noaToMy ero ocb AOn:>KHa 6b1Tb eb1BeAeHa Ha n111u,eeyio 111n111 eepxHIOIO 
naHenb np1116opa. 

KoHcTpyKu,111si np1116opa HanpsiMylO cesi3aHa c TeM, Ha KaKOM 1113 AByx eap111aHTOB ne
peKnlO'iaTensi SA 1 Tbl oeTaHOBlllWbesi. Ha p111c. 68 np111eeAeH OAlllH 1113 B03MO:>KHblX eap111-
aHTOB, AnSI KOTOporo Ha p111c. 69 npeAnaraeTCSI nonHOCTblO roTOBblH eap111aHT ne'iaTHOH 
nnaTbl. 

Ha 3TOM eap111aHTe ne'iaTHOH nnaTbl Hap111coeaHbl HeCKOnbKO nOACKa30K, KOTOpble 
AOn:>KHbl o6ner'i111Tb npOBOAHYIO, COeAlllHlllT0nbHYIO 'iaCTb MOHTa>Ka ecero np1116opa. YT0-
6bl He 3anYTaTbCSI B BblBOAax nepeKnlO'iaTeneiil, Ha nnarn 111306pa>KeHbl SIK06bl yCTaHOB
neHHble nepeKn10'iaTe11111 5A2, SA3, SA4 111 SAS. 

YTo 3HaY111T «S1K06b1»? Ha eaMoM Aene OH111 ycTaHoeneHbl Ha 11111u,eeoiil naHe11111 np11160-
pa, a eee lllX BblBOAbl COSAlllHSllOTCSI c COOTBereTBYIOW,lllMlll BblBOAaMlll Ha nnaTe MHOro
>Klll11bHblMlll MOHTa>KHblMlll npoBOAHlllKaMlll. Pacnono:>KeH111e Hap111coeaHHblX Ha nnaTe Bbl
BOAOB ecex YeTblpex MlllKPOTyM611epoe TOYHO COOTBeTCTByeT Q>aKTlllYeCKOMy lllX pac
no11o>KeH11110 Ha «:>KlllBblX» ryM6nepax, a npocrneneHHble Ha ne'iaTHOH nnarn HOMepa 
BblBOAOB TYM6nepoe B TOYHOCTlll COOTB0TCTBYIOT HOMepaM 3TlllX BblBOAOB Ha np111Hu,111n111-
0JlbHOH exeMe, TaK YTO nepenYTaTb YTO-Hlll6YAb HeB03MO>KHO Aa:>Ke np111 6011bWOM >Kena
Hllllll (ec11111, KOH0YHO, 3apaHee He noCTaBlllTb nepSA eo6oiil lllM0HHO TaKYIO u,enb). Ha BCSl
KlllH CilyYaH AOnOilHlllTenbHO lllHQ>opM111py10 0 TOM, YTO nOMlllMO 06blYHblX A0Taneiil -
pe3111CTOPOB Ill KOHA0HCaTOpoe Ha nnaTe npeAyCMOTP0Hbl AB0 npOB0110YHbl0 nepeMblY
Klll, a ew,e YeTb1pe nepeMblYKlll np111AeTcsi np111nasiTb ceepxy pa6oYeiil rpynnbl nepeKn10Ya
re11si n2K. 
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nepe1<J110'faTenb SA 1 ycTBHOBneH Ha nnaTe He «S1K06b1», a Ha caMOM p,ene, np111 3TOM 

ccpa60'feH» rpynnOH SIBnSleTCSI TOnbKO npaBaSI (Ha p111CyHKe) rpynna, a neBaSI H~Ha TOnb

KO AJlSI «C6poca» pa6o'feH rpynnbl B OT)l(aToe nono)l(eH111e. Ecn111 )Ke HaAyMaeM np111-

MeHlllTb nepeKJllO'iaTenb n2K c He3aBlllClllMblM nepeKJ110'ieH111eM, TO 11esasi rpynna B006-

w,e He nOHBA06111TCSI. 

PeanbHblH pa3Mep ne'faTHOH nnaTbl - 150x45 MM. '"ITO KacaeTcsi TpaHccpopMaTOpa, 

TO ec11111 no ra6ap111TaM OH Bn111weTCSI B OTBeAeHHOe AJlSI Hero MeCTO, ero MO)l(HO nocTa

BlllTb npsiMo Ha nnaTY. Ecn111 )Ke OH nony'i111ncsi no6onbwe, 3TO He cTpawHo. Ero MO)KHO 

3aKpenlllTb B nl060M MecTe 1113HYTPlll KOpnyoa, a c n11aTOH ero BblBOAbl coeAlllHlllTb 

npoeo,o,H111KaM111. 

TaK)l(e npOBOAH111KaM111 coeA111HS110TCS1 c nnaToH BblBOAbl noTeHu,1110MeTpos R5 111 R7, 
BblXOAHble KJleMMbl 3BYKOBOro ClllrHana, BXOAHble KJleMMbl nOAKJllO'ieHlllSI TpaH3111CTOpOB 

Ill BblBOAbl 1113MeplllTe1lbHOH ronOBKlll. 

'"ITO KacaeTCSI lllOTO'iHlllKa n111TaH111S1, TO B cny'fae np111MeHeHlllSI ranbBaHlll'ieCKlllX ane
MeHTOB, OHlll pacnonaralOTCSI BHYTPlll KOpnyca np1116opa, a AJlSI nOAKJllO'ieHlllSI BHeWHero 

lllCTO'iHlllKa nOOTOSIHHOrO HanpSl)l(eHlllSI 4 B Ha 30AHIOIO CTeHKY np1116opa HBAO 6yAeT Bbl

BeCTlll ,ttee KJleMMbl c o6si3aTe11bHb1M yKa3aH111eM nonsipHocrn nOAK1110'feH111si. 

0 TOM, 'iTO Ill KBK Ha HeM 1113MepSITb, Mbl ~e nOAP06HO 06cyA111n111. 



TeopMH 

YpoK 1. YCTPOMCTBO 
M PABOTA TMPMCTOPOB. 

3HAKOMCTBO C MMKPOCXEMOM 
Ha AByx npeAblAYLLllllX 3aHRTlllSIX Mbl B CaMblX 06LLtlllX 'iepTax n03HaKOMlllnlllCb c ycT

po£1CTBOM, np111Hu,111noM pa6oTbl 111 Ha3Ha'ieH111eM nonynpoBOAHlllKOBblX np1116opos: AlllOAOB 
Ill TpaH3111CTOPOB. B CaMblX 06LLtlllX 'iepTax 3TO 3Ha'illlT, 'iTO 3a npeAenaMlll Hawero BHlll· 
MBHlllSI OCTancsi u,enbl£1 Kpyr sonpocos Ill npo6neM, O'ieHb BCDKHblX Ill lllHTepeCHblX, HO Ha 
ceroAHRWHeM yposHe noAroTOBKlll HeCKOnbKO npe>K.QespeMeHHblX AnR 6onee noA
po6Horo 1113yYeHlllSI. 

K 3TlllM sonpocaM 111 npo6neMaM sepHeMcsi s caMoM 6n111>Ka£1weM 6YAYLLteM, a ce
rOAHR ny'iwe norosop111M o APYrlllX BlllAax nonynpoBOAHlllKOBblX np1116opos, TeM 6onee 
'iTO cpeAlll H111x HeMano O'ieHb 111HTepeCHb1x 111 cynepcospeMeHHblX. 

A Ha'iHeM Mbl c OAHOro CMenoro Ill He06bl'iHOro 3KCnep111MeHTa. Ha nepBOM ypoKe 
BOCbMOro 3aHSITlllSI Mbl B CaMOM ero Ha'iane np111MeH111n111 BOeHHYIO XlllTPOCTb: BKJ!IO'illlnlll 
ABa nonynpoBOAHlllKOBblX AlllOAa HascTpe'iy APYr APYry 111 B pe3ynbTaTe nonyl!111n111 co
sepweHHO HOBbl£1 3aMe'iaTenbHbl£1 np1116op nOA Ha3BaHllleM l"paH3111CTOp. 

no£1AeM no 3T0MY nyrn eLLte Aanbwe Ill Tenepb BKJllO'illlM HaBCTpe'iy APYr Apyry ... 
ABa TpaH3111CTOpa pa3H0£1 npoBOAlllMOcrn. Ho He nocneAoBaTenbHO, 'iTO Mbl Y>Ke Aenan111 
Ill B pe3ynbTaTe 'iero nony'i111n111 KaCKOAHYIO cxeMy, a lllMeHHO HaBCTpe'iy, np111'ieM TaKlllM 
o6pa30M, KaK 3TO 111306pa>KeHO Ha p111c. 70. 

y Hae OnSITb nony'illlnCSI HOBb1£1 nonynpOBOAHlllKOBbl£1 np1116op nOA Ha3BaHllleM AlllOA
Hbl£1 TlllPlllCTOp. VI 3TOT TlllPlllCTOP o6naAB0T cosepweHHO HOBblMlll Ill He MeHee 3aMe'ia
TenbHblMlll CB0£1CTBBMlll, YeM 06bl'iHbl£1 AlllOA 111n111 06bl'iHbl£1 TpaH3111CTOp. 

Ho npe>K.Qe 'ieM rosoplllTb 06 arnx 3aMeYaTenbHblX cso£1cTBax, KOCHeMcsi ero Ae£1-
CTB111TenbHOro yCTp0£1CTBB. 

TexHonornsi 1113rornsneH111si rnp111crnpa HeHaMHOro om111'iaeTCsi OT rnxHonor111111 1113ro
TosneH111S1 TpaH3111CTopa. Ansi nony'ieHlllR TpaH3111CTopa B CTPYKTYPY OCHOBHoro no11ynpo
BOAH1t1Ka snnasnsiJOT 111n111 np111coeA111HS110T APYrlllM cnoco6oM ABa aneKTpOAa c APYrlllM 
rnnoM npoBOAlllMOCTlll, B pe3ynbTBTe Yero B03HlllKBIOT ABB BCTpeYHblX nepexoAa - p-n 
Ill n-p. VI OT Toro, KaK0£1 BlllA npoBOAlllMOCTlll OKa>KeTCSI y KPBHHlllX aneKTPOAOB, nonyYa
eTCSI TpaH3111CTOP n11160 p-n-p, n11160 n-p-n crpyirrypbl. 
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P11c. 70. CxeMaTwiecKoe ycTpoU!cTeo AVIOAHOro T11p11cTopa 

HeTPYAHO eoo6pa3111Tb, 'iTO y AByx BKJllO'ieHHblX HaBeTpe'iy TpaH3111eTOPOB pa3H0171 
npoBOAlllMOCTlll nosis11sieTesi ew,e OAlllH, AOno11H111Te11bHb1ill nepexoA, nosTOMy eTPYKTYPa 

AlllOAHOro rnp111eTOpa eTaHOBlllTeSI 'ieTblpexe11oii1Hoiil Ill TpexnepeXOAHOiil Ill BblrllSIAlllT TaK: 

p-n-p-n. 
3a6aBHaSI KapTlllHa npiil 3TOM nOlly'iaeTeSI: nepeXOAbl nt Ill n3 no-npe:>KHeMy OeTalOT

esi 3MlllTT0pHblMlll nepeXOABMlll Ka:>KAOrD 1113 OTAellbHblX TpaH3111eTOPOB, a nepeXOA n2 
OKa3b1BaeTeSI o6w,lllM KOlllleKTOpHblM nepeXOAOM A/lSI 060111x, HeeMOTPSI Ha pa3Hbliil rnn 

npoBOAlllMoern TpaHa111eTOpos. 
0611aeTb 6a3bl 61 TpaH3111eTOpa T1 OAHOBpeMeHHO SIBllSleTeSI K0/1/leKTOPHOiil 06-

naeTblO K2 TpaHa111eTopa T2 111, Hao6opoT, 0611aeTb 6aab1 62 TpaHa111eTopa T2 c11y>1<111T 

K01111eKTOPHOiil 0611aeTb10 K1 TpaHa111cTOpa T1. CooTBeTCTBeHHO 3TOMY Ko1111eKTOPHb1ill 
TOK TpaH3111CTOpa T1 SIB/lSleTCSI TOKOM 6a3 TpaH3111CTOpa T2, a KOlllleKTOPHbliil TOK TpaH-

3111CTOpa T2 - 6a30BblM TOKOM TpaH3111CTOpa T1. 
nonpo6yeM pa306paTbCSI KaK >Ke TaKOiil, e n03BO/leHlllSI CKa3aTb, «np11160p» 6yAeT pa-

6oTaTb. 

<l>1113111'ieCKllle npo1..teeeb1 B AlllOA-HOM rnp111eTOpe MO>KHO ynpow,eHHO npeACTaBlllTb 

ce6e e11eAYIOW,lllM o6pa30M. Ec11111 6bl 6blll TO/lbKO OAlllH nepeXOA n2, pa60Ta10w,111ill np111 

o6paTHOM Hanpsi>KeHllllll, TO eyw,ecTBOBB/1 6bl lllllWb He60llbWOiil o6paTHbliil TOK, C03Aa· 

saeMbliil nepeMew,eHllleM 'iepea nepeXOA HeOeHOBHblX HOe111Te11eill, KOTOpblX cpaBHlll 
TellbHO Mallo. Ho, KaK 1113BeCTHO, B TpaH3111eTope MO>KeT 6b1Tb no11y'ieH 60llbWOiil KOil · 

neKTOPHbliil TOK, SIBllSllOW,llliilCSI TeM He MeHee o6paTHblM TOKOM K0/1/leKTOPHOro nepe

XOAa, ec11111 B 6aay TpaH311feTOpa co CTOPOHbl 3MllfTTepHoro nepeXOAa lllH>KeKTlllPOBaTb 
60/lbWOe KO/lllf'ieCTBO HeOCHOBHblX Hoe111Te11eill. 0AHaKO HaM see paBHO np111AeTCSI 
B 3TOM paao6paTbCSI, ec11111 Mbl XOTllfM ABllfraTbeSI ABllbWe. 

lllTaK, 'ieM 60/lbWe npsiMoe Hanpsi>1<eH111e Ha 3MlllTTepHOM nepeXOAe, TeM 60/lbWe 

3TlllX eaMblX HeOeHOBHblX HOe!lfTeneill np11rXOAlllT K KO/llleKTOPHOMy nepeXOAY Ill TeM 60llb

we eTaHOB!lfTeSI TOK K0/1/leKTOpa. A Hanpsi>1<eH111e Ha KOlllleKTOpHOM nepeXOAe, Hao6opoT, 

CTaHOBlllTCSI MeHbWe, TaK KaK np11r 60/lbWeM TOKe yMeHbwaeTCSI conpOTlllBlleH111e K0/1-

neKTOpHoro nepeXOAa !If BOapacTaeT nBAeH111e Hanpsi>1<eH111S1 Ha K0/1/leKTOPHOiil Harpy3Ke. 
Lfepe3 nepeXOAbl nt !If n3, pa60TalOW,llle B npsiMOM HanpaBlleHlllllf, B 0611aern, nplllMblKB

IOW,llle K nepeXOAY n2, lllH>KeKTlllPYIOTeSI HeOeHOBHble HOellfTellllf, yMeHbWa10w,111e conpo
TllfBlleH111e nepexOAa n2, 'iTO conpOBO)l(AaeTCSI yse11111'ieH111eM TOKa 'iepea nepeXOA Ill 

yMeHbWeHllleM nBAeHlllSI Hanpsi>1<eH111S1 Ha HeM. Ee11111 Bee eKa3aHHOe yeBOSHO, oeTa/lbHOO 

6yAeT y>Ke eoseeM npocTO. 
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P11c. 71. BonbT-aMnepHaR xapaKTep111cr111<a AlllE>AHoro T11p11cropa 

np111 nOBblWeHllllll Hanpsi>KeHlllR Ha TlllpllleTOpe eHa'fa/la B03HlllKaeT He60J1bWdi.f TOK, 
Ill paeleT OH MeAfleHHO, 'fTO eOOTBeTeTByeT yl.faeTKY 0-A BOJ1bl-aMnepHoiil xaparcrep111e
TlllKlll, 111306pa>KeHHOill Ha p111e. 71. MO>KHO e'ffllTaTb, 'fTO B 3TOM pe>KlllMe T111p111eTOf:) «3a
nepT». ConporneneH111e nepexoAa n2 e~e AOeTaTO'fHO ee11111Ko, a HSt1fj~e1-lf,1$t Ha nepe
xo,o,ax nt 111 n3 e~e O'feHb Manb1, TaK KaK no'fT111 see Hanpsi>1<eH111e nSAaeT Ha nepexoAe 
n2. A np111 O'feHb Ma/lblX npSIMblX HanpSl>K8Hl/ISIX Ma11 Ill npRMOH TOK l.fepe3 p-n rlepeXOA. 

tio Mepe yeemNeHlllR np111110>1<eHHOro K Tlllp111eTopy HanpSl)l(eHl/IR eeneAeTBllle f-1011111-
HeillHOH 80/lbT&MnepHOill xaparttep111eT111Kfll nps:iNioro TOKa p-n nepeXOAa TOK HS'flllHaeT 
so3paeT&Tb see 6onbwe "" 6onbwe.. Ho STO 03Ha'faeT, 'fTO eee 6onbwe 111 6onbu.le He
oeHOBHblX Hoe111Te11eill 6yAeT l/IH)l(0KTlllposaTbes:i K nepeXOAY n2, ero eonpoT111sneH111e 
yMeHbw111res:1, 'fTO npfllee.QeT K nepepaenpeAeneHHIO Hanpsi)KeU111ill Ha nepexo,o,ax. CH111-
)l(aeTcs:i AOns:i Hanpsi)l(eH111R Ha nepexoAe n2 111 6bleTpee Ha'f111Ha10T so3paeraTb Hanps:i.lKe
H111s:i Ha nepexo,o,ax nt Ill n3. 

Ho 3to, s esolO O'fepeAb, Bb131:.1eaeT yeKopeH111e poeTa TOKa 111 yee11111'feH111e lllH>KeKu,111111 
HeOeHOBHblX Hoe111Te11ei11 B 0611aeTb n2. 8 KOHU,e KOHi..\OB np111 Hanps:i)l(eHllllll nOpSIAKa Ae
esitkO~ (11111111 HeeKOJ1bKlllX AeeSITKOB, a y OTAenbHblX Tlllnos - COTeH) BO/lbT, Ha3blBaeMOM 
Hanpsi)l(eH111eM BKnlO'feHlllR (TO'fKa A Ha SAX), npou,eee np11106peraeT nas111Hoo6pa3Hblill 
xapaKTep. ToK pe3KO, eKa'fKOM eo3paeTaeT (yl.faeTOK A-B Ha BAX), B pe3ynbTaTe B03H111-
KaeT e111ryau,"1si, O'f8Hb HanOMlllHalOLt.!aR pe)l(lllM Haebl~eHlllSI TpaH3111eTopa - 6onbUJOill 
KO/lnercropHblill TOK np111 Man'OM HanpR)l(eHl/llll Ha K0/1/leKTOpe. KoHel.fHaSI Be/11111.flllHa STOro 
TOKa onpeAe/lReTes:i 111/!Wb eenl/l'U'fHOill eonporneneHlllSI pe3111eTOpa, BKnlO'f8HHOrO B K0/1-
neKTopHyfO u,enb Ill Hanpsi)l(eHl/leM 111eTOl.fHlllKa. 

3To Hlll'fero He HanoM111HaeT? KorAa Mbl npoxoA111M1 raaofianonHeHHb1e sneKTpOHHble 
np1116opb1, TaM 6brll np1116op e noxo)l(l/IMlll npou,eeealill111 - 011 tia3brea11cs:1 TlllpaTpOHOM. 
y HI/IX Aa>Ke Ill Ha3BSHlllS1 eXO)l(llle: rnpaTpOH Ill T111p111eTop, noTOMY 'fTO BH8WHe npo111exo
AS1~111e e HlllX npou,eeeb1 OtfeHb exo)l(111, XOTS'I cj>l!13111Ka srnx npou,eeeoe eoeepweHHO paa-
111111.fHa. Ho noeKO/lbKY eXO)l(l/I npo111eXOAS1~111e npou,eeebl, TO eno11He 110rl/l'fHO, 'fTO eXO)l(lll 
111 o6naern 111eno11b30BaH111s:1 111 Tex 111 APYrlllX np1116opoe. 

Hy, a KaK )l(e BeAeT ee6R AlllOAHblill (T. e. Heynpaens:ieMblH) Tlllpl/leTop B peanbHOill exe
Me? A BeAeT ee6S1 OH KSK 06blKHOSeHHOe 3/leKTpOMarHlllTHOe pene. np111 MeAJleHHOM, 
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nocrnneHHOM yee11111'feH111111 Hanpsi>KeH111si Ha o6MOTKe pene yee11111'f111eaeTcsi c11111a MarH111T
Horo nonsi, HO noKa oHa HeAOCTaTO'fHa A/lR cpa6aTb1eaH111si pene, TOK 'fepe3 ero pa30MK

HYTble KOHTaKTbl He npoTeKaeT. A KOrAa Hanpsi>KeH111e Ha 06MOTKe AOCT111raeT npeAena 
cpa6aTblBaHlllSI, KOHTaKTbl 3aMb1KalOTCSI Ill B 1..ten111 yCTaHae11111eaeTCSI TOK. B 3/leKTpOMar

HlllTHOM pene ttenb 06MOTKlll Ill ttenb BHewHero TOKa pa306w,eHbl. B TlllPlllCTOpe >Ke o6e 
3Tlll 1..ten111 KaK 6bl COBMeW,0Hbl. 

:3To 3Hal.f111T, 'fTO np111 nocTeneHHOM yee11111'feH111111 Hanpsi>KeH111S1, np11111o>KeHHoro K T111-

p111cTopy, TOK 'fepe3 TlllPlllCTOP O'f9Hb Man, 'fTO n03B011SleT C'flllTaTb, 'fTO TOK npaKTlll'feCKlll 

OTCYTCTByeT, T. e. ttenb SIK06bl pa3opeaHa. A KOrAa ee/11111.flllHa np11111o>KeHHOro Hanpsi>Ke

HlllSI AOCTlllraeT 3Hal.feHlllSI cpa6aTb1BaHlllSI (ero Ha3blBalOT Hanpsi>KeHllleM BKJllO'feHlllSI Tlll

PlllCTOpa), npo111cxOAlllT MrHoeeHHOe pe3KOe yMeHbWeH111e ero BHYTPSHHero conpoT111e-

11eH111si, 'fTO nO'fTlll SKBlllBa119HTHO 3aMb1KaHllllO KOHTaKTOB 3/leKTpoMexaHllll.feCKOro pene. 
VIMeHHO nosTOMy HeynpaensieMblH AlllOAHb1£1 rnp111cTop l.faCTO cpa~H111ea10T c 06bl'fHb1M 

pene 111 111cno11b3y10T ero 111MeHHO e peneHHblX cxeMax. 
A 'fTO, ec11111 OT OAHOH 1113 6a30BblX 0611acrn'1 o6w,ero p-n nepexoAa AlllOAHOro 

TlllplllCTOpa CAe11aTb A0n011HlllT0/lbHblH, OTAe/lbHblH BblBOA? 0Ka3blBaeTCSI, 3TO y>Ke npo
Ae/lanlll AO Hae, B pe3y11bTaTe 'fero 6bl/1 nony'feH O'fepeAHOH HOBblH nonynpOBOAHlllKO
BblH np1116op, KOTOpb1H Ha3ea11111 TPlllOAHblM T111p111cTopoM, 11111111 111Ha'fe - TPlllHlllCTopoM. 

noAaBaSI 'fepe3 3TOT HOBblli1 «BblBOA» npRMOe Hanpsi>KeH111e Ha nepeXOA, pa6oTa
IOW,lllH B npRMOM HanpaeJleHllllll, MO>KHO TeM caMblM pery11111poeaTb nopor «Cpa6aTblBa

HlllSI» TPlllHlllCTopa (He'fTO nOA06Hoe Mbl y>Ke np0Ae11b1ea11111 c ra30Hano11HeHHblM rnpaT

poHoM, BBeAR B Hero BTOpylO, ynpaB/lSllOW,YIO CeTKy). "leM 6011bwe 6yAeT TOK l.fepe3 Ta
KOH «ynpae11S110W,lllH» r1epeXOA, TeM Hlll>Ke 6yAeT HanpSl>KBHllle BKJllOl.feHlllSI TplifHlllCTOpa. 

0 TOM, KaK TaKoe AOno11H111Te11bHoe ynpaensiiow,ee Hanpsi>KeH111e e11111sieT Ha pa6ory 

TPlllHlllCTopa, MO>KHO HarnsiAHO ye111AeTb 1113 ceMe£1cTea era xapaKTep111cT111K Ha p111c. 72. 
Vl3 3TlllX xapaKTeplllCTlllK nerKO CAenaTb cneAYIOW,lllH, MO>KeT 6b1Tb, He COBCeM O>KlllAaH

HblH BblBOA: np111 OTCYTCTBllllll TOKa B 1..ten111 ynpae11S110W,ero 3/leKTPOAa TPlllHlllCTOP no xa
paKTep111cT111KaM Hllll.feM He OT/11111.faeTCSI OT AlllOAHOro TlllPlllCTOpa, a np111 yee11111'feH111111 TOKa 

ero xapaK't9plllCTlllKlll r100TSneHHO np111611111>KafOTCSI K xapaKTep111CT111Ke npRMOr0 TOKS ca

Moro o6blKHoeeHHoro AlllOAa. 

I, (HA) 

lnped 

lynpi lynpJ 

Uynp. (BJ 

P111r:. 72. CeMeiiicreo ROnbT·aMnepHblX xapaK1ep111cT111K rp111H111c1opa 
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JLBx 

npocTeiilwasi cxeMa BK.nlOl.feHlllSI TPlllHlllCTOpa 

c BblBOAOM OT p-0611acT111 noKa3aHa Ha p111c. 73. 
T111p111cTop •OTKpbleaeTCsi» np111 n0Aa1.1e Ha ynpaa-

11siiout111iil 3110KTPOA lllMnyllbCa nOJ10>Klr1T011bHOiil 

no11sipHocrn, nocne 1.1ero ocTaeTCsi ·o~pblTblM» 

H03aBl/IClllMO Hiii OT 1.1ero. •3aKpb1Tb» TaKoiil TPlll-

Hl/ICTOP MO>KHO TOJlbKO nYTeM OTK/llOl.feHl/ISI Ha-

P111c. 73. Tvmoeasi cxeMa npSl>K0Hl/ISI l/ICTOl.fHl/IKa n111TaHl/ISI 11111111 CHlll>K0Hlll0M 
BKJll0'19HlllSI TplllOAHOro TlllPlllCTOpa 3TOro Hanpsi>KeHlllSI AO ypOBHSI Hl/l:>Ke nopora cpa-

6aTblBaHlllSI (Hanpsi)l(eH111si OT1<pb1eaH111si). 

Bnpo1.1eM, e caMoe nocneAHee epeMsi nosie11111111cb oco6b1e TPlllHlllCTOpbl, «3aKpb1Tb• 

KOT0pb10 nocne cpa6aTblBaHlllSI MO)l(HO nOAal.feiil Ha TOT )l(e ynpae11S110W,llliil 3110KTPOA 

KOPOTKOro lllMny11bCa o6paTHOiil nonsipHOCTlll. 

+ UOKA. 
mupucm. 

+18 t 
0 L-~~~~ ....... ~~~~~-'-~~~~~--L~~~~ 

P111c. 74. CxeMa 111 cl>opMa HanpSDKeH111A reHepaTOpa 
n111noot5pa3Horo Hanpsi)l(eH11tA Ha TP11tH11tCTope 

Tp111H111CTOpb1 Haw11111 caMoe w111po1<oe 111cno11b3osaH111e e paa111111.1Hb1x cxeMax aeTOMa

T1111<111, rn11eMexaH111Ke, 01.1eHb xopowo OH111 pa60TalOT e cxeMax reHeparnpoe n11111006paa

Horo TOKa Ill Hanpsi:>KeHlllSI, paapsi:>t<aSI KOHAeHCaTOp BMeCTO HeOHOBOiil /laMnO"IKl/I. CxeMa 

TaKoro npocrniilwero reHeparnpa 111 rpa<1>1111< nony"laeMoro Hanpsi)l(eH111si np111eeAeHbl Ha 
p111c. 74. 

Hy BOT Mbl Ill no3HaKOMlll/1111Cb nO"ITlll co BC6Mlll BlllAaMlll coepeMeHHblX nonynpOBOA
HlllKOBblX np1116opoe, c HeKOTOpblMlll - no611111)1(e, c HeKOTOPblMlll - Ha ypoeHe «WanO"l

HOro aHaKOMCTBa». Ho 111MeHHO no1.1rn, nOTOMy l.fTO enepeAlll y Hae 3HaKOMCTBO c ew,e 

OAHlllM 0ABa 11111 He caMblM Ba)l(HblM, caMblM coepeMeHHblM Ill, 6eayc110BHO, caMblM pac

npocTpaHeHHblM ... Aa>Ke He aHalO, MO>KHO 11111 HaaeaTb ero np1116opoM? C1<opee 3TO 
CJlO>KHeiilwee caMOCTOSITe/lbHOe 3aKOH"leHHOe 1113A0111110 Ha 6aae Ill Ha OCHOBe nonynpo

BOAHlllKOBblX TeXHOJlOrllliil. Pe"lb YIAeT 0 MlllKPOCXeMaX. CllOBO 3TO Y'!(e npO"IHO BOWJ10 B 

Haw ceroAHRWHllliil 11e1<c1111<0H,·0Ho HlllKOro He YAlllB11S1eT. 
VITaK, l/IHTerpallbHBSI MlllKpocxeMa (VIMC) - MlllKP0311elCTpOHHOe 1113Ae11111e, Bbln0/1-

HSllOW,ee onpeAe11eHHYIO <l>YHKU.llllO npeo6paaoeaH111si 111 06pa60T1<111 c111rHana 111 111Meiow,ee 
BblCOKYIO n110THOCTb ynaKOBKlll 311eKTp111'10CKlll C00AlllHeHHblX 3/leMeHTOB (11111111 3JleMeH

TOB Ill KOMnOHeHTOB) Ill KPlllCTa/11108, KOTOpble c TOl.fKlll apeHlllSI Tpe6oeaHlllill K lllCnblTaHlll
SIM, np111eMKe, nOCTaBKe Ill 3KCn11yaTau,111111 paccMaTp111ea10TCSI KaK 0AlllHOe u.e11oe. 

STO TOllbKO caMoe Ha1.1ano, TaK "ITO 1.1111TaeM, ycea111eaeM 111 aanoM111HaeM Aa/lbWe. 
S11eMeHT lllHTerpanbHOill M1111<pocxeMbl - 1.1aCTb lllHTerpanbHOill M1111<pocxeMb1, pean111-

ayiow,asi <l>YHKU,llllO KaKoro-1111160 3110KTP0PaA11103JleMeHTa, KOTOpasi BblnO/lHeHa Hepaa
A0JlbHO OT KplllCTa/1/la 11111111 nOAJIO:>KKlll Ill He MO:>KeT 6b1Tb BblAelleHa (OnSITb :>Ke c TOl.fKlll 

apeHlllSI Tpe6oeaH111i11 K lllCnblTBHlllSIM, np111eMKe, nOCTaBKe Ill 3Kcn11yaTau,111111) KaK caMOCTO

SIT0/lbHoe 1113Ae11111e. A noA noHsirneM «311eKTpopaA1110311eMeHTbl» e AaHHOM c11y1.1ae noA-
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pa3yMeBIOT OTAenbHble pe3111cTopb1, KOHAeHcaTOpbl, nonynposOAHlllKOBble AlllOAbl, TpaH· 
3111CT0pbl, TlllPlllCTOpbl Ill np. 

rnasHaR MblCnb COCTOlllT s TOM, LffO SHYTPlll MlllKpocxeMbl nOMlllMO YlllCTO nonynpo· 

SOAHlllKOBblX sneMeHTOS MOryT HaxOAlllTbCR Ill P63111CT0Pbl, Ill KOHAeHCaTOpbl, Ill soo611.1e 
YTO yrOAHO 1113 sneKTpopap,lllOKOMnOHeHTOB. Ecn111 np111 3TOM OHlll «SblnOnHeHbl Hepa3· 

AenbHO OT KPlllCTanna 111n111 nOMO)KKlll Ill He MOryT 6b1Tb ... », HY Ill TaK ,qa[lee, TO CYll1TalOTCR 
ee sneMeHTaM111, a ecn111 OHlll cy11.1ecTsy10T caM111 no ce6e 111 s M111KpocxeMy npocTO- ecrns· 

neHbl (snaSIHbl), TO TOJ"Aa OHll1 Ha3blSalOTCSI KOMnOHeHTaMll1 111HTerpanbHOii1 Mll1KpocxeMbl. 

Kp111cTann lllHTerpanbHOill Mll1KpocxeMbl - YaCTb nonynposOAHll1KOsoill nnaCTlllHbl, 
B 06beMe 111 Ha noeepXHOCrn KOTOpoill ccpopM111posaHbl sneMSHTbl nonynpOSOAHll1KOSOill 

Mll1KPOCX8Mbl, M8)1(3neMeHTHble coeAll1HeHll1SI Ill KOHTaKTHb18 nno11.1ap,K111. 

noMO)l(Ka lllHTerpanbHOill MlllKPOCX8Mbl - 3arDTOSKa, npeAHa3HaYeHHaSI MSI HaHe· 

ceHll1SI Ha Hee sneMeHTOS r1116plllAHblX Ill nneHOYHblX lllHTerpanbHblX M111KpocxeM, M8>K3ne· 
MeHTHblX 111 M8)1(KOMnOHeHTHblX coeA111H8Hlllill, a TaK)l(e KOHT8KTHblX nnOll.laAOK. 

Tenepb 0 TOM, KaKllle lllM8HHO 6blSalOT M111KpocxeMbl. 

nonynpoSOAHll1KOSaSI lllMC - lllHTerpanbHaSI MlllKpocxeMa, ece sneMeHTbl KOTOpoill, 
a TaK)l(e Me>1<sneMeHTHb1e coeA111HeH111R SblnOnHeHbl s o6beMe 111 Ha nosepxHocrn nony· 

npOSOAHlllKa. 

nneHOYHasi lllMC - lllHTerpanbHasi M111KpocxeMa, see sneMeHTbl 111 Me>1<sneMeHTHb1e 
C08All1HeHll1SI KOTOpoill SblnOnHSHbl s SlllA8 nneHOK. 

r1116plllAHaS1 lllMC - 111HTerpanbHaSI Mll1KpOCXeMa, COAep>Kall.laR KpOM8 3neM8HTOS 

e11.1e Ill KOMnOHeHTbl Ill Kp111crannbl. LfaCTHblM cnyYaeM r1116p111AHOii1 lllMC siensieTCR MHOrO· 
Kp111cTanbHasi lllMC. 

AHanorosasi lllMC - M111KpocxeMa, npeAHa3HaYeHHaR MR npeo6pa3osaH111R 111 o6pa· 
60TKll1 ClllrHanos no 3aKOHY HenpepblSHOill cpyHKUlllll1. 

U111cpposasi lllMC - MlllKpocxeMa, npeAHa3HaYeHHaR MSI" npeo6pa3osaH111si 111 o6pa· 

60TKll1 Cll1rHanos, 1113MeHRIOl1.llllXCR no 3aKOHY AlllCKPeTHOill cpyHKU111111. 
Tenepb n03HaKOMlllMCR c OCHOSHblMlll napaMeTpaMll1 111 xapaKTepll1CT111KaM111, xapaKTe· 

Pll13YIOL1.1111Mll1 nio6yl0 np111n111YHYIO Mll1KpocxeMy. TeM 6onee, YTO 111X He TaK Y'>K 111 MHOro. 

Hanp111Mep, napaMeTpoe, 111Me1011.1111x pa3MepHOCTb Hanpsi>1<eH111R scero 36 (HeT-HeT, 3TO 

He oneYaTKa - 111x ecero TPll1AU8Tb weCTb), napaMeTpoe, 111Meio11.1111x pa3MepHOCTb TOKa, 

111 TOro M8HbW8, TOnbKO 28. A napaMeTpos, lllMe1011.1111x pa3M8pHOCTb MOll.IHOCTlll, CMSW

HO CKa3aTb, scero TOnbKO weCTb. 

npaBAa, KPOMe Hll1X eCTb e11.1e 8 napaMeTpos, lllMe1011.1111x pa3MepHOCTb YaCTOTbl, 
22 napaMeTpa - pa3MepHOCTb speMeHll1, 12 napaMeTpos Ha3blSalOTCR «OTHOCll1T8nbHbl

Mll1», a OCTanbHble 8 napaMeTpOB soo611.1e OTH8C8Hbl K «npOY111M napaMeTpaM». 

npeACTaBlllM ce6e, YTO Ha 3aBOA8, rAe 3Tlll Mll1KPOCX8Mbl npOll13SOART, Ka>K,O,ylO 1113 

Hll1X, npe>K,O,e Y8M ompasll1Tb B Mara3111H MR np0Aa>Kll1, nposepRIOT Ha COOTB8TCTSll18 
sceM nepeY111cneHHblM napaMeTpaM 6e3 111cKn10YeH111R. TaK YTO Hawa Mll1KpocxeMa Ha ca
MOM Aene WTYKa A0CT8TOYHO cepbe3HaR. 

A Tenepb sonpoc. CpeAll1 onpeAeneH111ill, MenbKHyna TaKasi cppa3a: " l!IHTerpanbHasi 

MlllKPOCXeMa - 3TO 1113Aen111e c SblCOKOill 06beMHOill nnOTHOCTblO •• ·" 111 T. A· nonyYaeTCR, 

YTO s OAHOill 8All1H111U8 o6beMa (Hanp111Mep, s OAHOM Ky6111Y8CKOM caHTlllM8Tpe) COA8P

)1(111TCR onpeAeneHHOe KOnll1Y8CTSO All1CKP8THblX sneMeHTOS 111n111 KOMnOHSHTOS. 

OnpeAeneHHoe Kon111YecTso - 3TO CKOnbKO WTYK? Ky6111YecK111ii1 caHTlllMeTp - 3TO 
np1116n1113111TenbHO eMKOCTb HanepcTKa. TaK CKOnbKO SHYTPll1 HanepcTKa MO>KHO pa3Mec

rnTb OTAeilbHblX TpaH3111CTopos, All10AOB, pe3111cropos, KOHAeHCaTOpos? AecRTb? CTO? 
A MO>K8T, ecn111 OY8Hb Cll1JlbHO noCTapaTbCR, TO 111 TblCRYa SJl838T? Hy, CKa>KeM, He TblCR

Ya, a XOTR 6bl nOnTblCRYll1? np111 3TOM He 3a6yAeM, YTO see 3Tlll A8Tam1 Hap,O He npocTO 
BTlllCHYTb B HanepCTOK, a C08All1Hll1Tb Me>K,O,y co6oill npOBOAH111K8Mll1 B onpeAefleHHbl8 
cpyHKU1110HanbHbl8 CX8Mbl 111 B HY>KHblX MSCTax CASilaTb OT 3TlllX C08A111H8Hll1ill BblBOAbl AIIR 

nOAKnlOY8Hll1R M111KpocxeMb1 K APYrlllM y311aM 111 ASTanRM annaparn 111n111 np1116opa, noTOMY 
YTO Ill06asi MlllKpocxeMa Ha CaMOM A8ne 111M8HHO TaK 111 ycTpoeHa. 

161 



_,. 
~ 

R61-R66 

100 K 

OilHofJuopamop 

ab cdefqh 

58 

[5 I VT12 
0,047 MK KT645A 

Cmaounu3amop 5 B 

R4J 56 

UJ-n2 
-7 

12 8 2 

Kopnyc 4 

JO 8 5 

'r· J,J ~ ,..v,. .. ,, I I 16/IOK. Anl.frt J 
P\ YcmaHofJKa HanpR!KeHufl K11to'I 

VD5 

VD4 

V.DJ 

,. 
J11eMFmmbl 
npedl}apumtrllbHOu 
HaCimpouKu 

SA6 

SAS 
SA4 

SAJ 

VD2 SA2 

SA1 

VD1- VD6, VD1'4- VD19 112-206 

58 
3MummepHb1u nofJmapume/Jb 

VT2 
R16 510 

K.T209T 'O' I I 

VT16 R57 11.5 B 
KT209r ~ 
R56 

VD20 
Kl12158 

VD10 
11223 

R14 
10 K 

-- I 
~ 

ill-CK 
R48 510 -7 

HacmpouKa 4 
I-II iluan. 2 
m duan. J 
JJl- 'Jl auan. 5 
180 8 6 



_.. 
0) 
w 

vn110, 1 B 
KT3755 5,2 8 

R45I;, 
75 K '/ 

ao ccefgh 

R46 36 K 

'' 
58 

VT6 
KT3755 

f1y11bmu8ui5pa mop 

587-586 
!lam'!uKu 8bli5opa 
npo2paHM 

VT4 
KT3755 

R29 D2 
7 K K75511E9 

HL 7-HL6 
/1HC-1 

I I )I( I I /4 

C'!em'IUK 

~111~1&~~ 
°' 171~ 1:::~~1~1fl~ 
Ci:: ~ Ci::~~ a::i;J~ 

04 
K75511!17 

I 
J -
6_ 

2 

4 

41 8 

P11c, 75, np11Ht.tl1m'la1lbHaH cxeMa ceneKTopa sbl6opa nporpaMM 
nJ')OMblWlleHHOro T0110Blll30pa 



__. 
0) 
~ 

~ J JJJJ ~ 
~1-41~5 27 35 JJ39W 16 36 VB~3~8 

J, " \/ " " " 
...::.. (xeMa CxeHa floffma- - CxeMa CxeMa [xeHa peeynupofJ- 42 

~'-~9-,~ pe2ynupo8Ku ~ HofJneHuq ypofJ- ~ f-?I /1Jmpuua - pe2ynupo8Ku pe2ynupo8Ku KU ypofJHR 'lep- ~ -
KOHmpacmHocmu HR <Je0Ho20 R.G.B KOHmpacmHocmu RpKocmu HOW u ozpaHu-_ ' -~~ 

\JI r r --i, t t t ' Ef? 
0 - CxeMa pe2y- Y - -CxeMa i,,,:_ nopHblU ypo- L..... 8 L___.,,, KoMMymamop ~ CxeMa ~ 

~ npufJRJKu I"'· fJeHb <JepH020 -.,,. nupo Ku Ha- --;;> RGB ~ 2aweHuR E' - \-
Cb/WeHHocmu - • · B -
~ ' - , --

1 "' _ KoHnapamop uHnynb-
.... 33 feHepamop onop- 11 iJ _ _ Kailpo8b1u L-.. /leKoiJep Kailpo- co8 oopamH020 ,~ -

HOU <Jacmombl eHo ynnmop _ cuHxpoceneKmop ..... P flhlx uHnynbcofJ - xoila 2 
~---.,...---V .__ ____ _. 

'I' If' ' ~ ' 8b1XOOHOU KGCKGO 
.... 34 ¢a J08blu I </JaiofJpaUJamenb < · 11 C <JemHb/U E- _ [ <Jem'luK cmpo'I- ::.. uHnynbcofJ Kailpo8ou - -

ilemeKmop I,_ + 1-90• mpu2zep Hb/X uHnynbcofJ <Jacmombl 14 
.__ ____ _,If\ I~ i~ 

3 C r~ 1 ~ l</lopHupofJamenb l ¢a3ofJblil ~~[xeHa nail- ~ 8blxoiJHoii KGCKail 
.... 0 ~emeKmop xeMa ,. ..._ 1- cmpoouHnynb~ofJ KOHnapamop l cmpouKu "'aJbl uHnynbcofJ cmpo'IHOU -

ucnb/WKU onoJHGuGHUf/ 'I' </GCmOmbl 15 
_ 32 I ~ r ____ , T 

~ 11 
.... 18 ..... CxeHa f---311 Hampuua ..._ CxeHa omxntJ- L H[uHxpo-l_ .J ¢aJ08blii ,....Jl_e._n_.u __ ...., OnopHblU I 

- APY nAll - 'leHUR uflema r- cenexmop r I K011napamop 1 menb 2eHepamop 

I\ ~ i If\ " ...._ )21 ~-...,.._--t-___ _. 
24 ' 22 20 19 HaCb/IJJ. 13 12 10 11 

I l l I 1 1 l 1 

P111c. 76. ¢>yHKL\1'10HanbHasi cxeMa MHKpocxeMbl 
BHAeonpOL\0CCopa STV2-102A 



Ha caMOM-TO Aene OHa ycTpOeHa sosce He TaK. noHSITHO, "ITO see 3Tlll OTAenbHble 
AlllOAbl, TpaH3111CTOPbl Ill npO"lllle sneMeHTbl He 3an111XHYTbl s HanepcTOK, a pa3Me11.1eHbl 
PS!AblWKOM s OAHOi.11 nnocKOCTlll Ha nosepxHOCTlll 0611.1ero KPlllCTanna nonynposoAHlllKa. 
nosTOMy Ill sonpoc HMO 3ap,8Tb HeMHoro lllHa"le: CKOnbKO lllMeHHO TaKlllX OTAenbHblX 
sneMeHTOS MO>KHO pa3MeCTlllTb He s OAHOM KY6111"leCKOM caHTl/IMeTpe, a Ha nosepxHO
CTlll nnaCTlllHKlll nnOll.laAblO s OAlllH KSaAPaTHblli1 caHTlllMeTp np111 Ton11.1111He CaMOli1 nnaCTlll
Hbl scero s HeCKOnbKO MlllKPOH? 

nonpo6yeM nOAOli1Tlll K TeMe "IYTb-"IYTb c Apyroi.11 n03111Ll,111111. 3aAaAlllMCSI sonpocoM: 
a soo611.1e MlllKpocxeMa - 3TO "ITO TaKoe? A OTSeT Ha 3TOT sonpoc Ha"IHeM lllCKaTb co
sceM s APYfOM MecTe. BcnoMHlllM AllSI Ha"lana 2-i.11 ypoK 5-ro 3aHsiT111si s 3TOi.11 KH111re. 
BcnOMHlllM - 3TO 3Ha"ll/IT nepen111craeM CTpaHlllLl,bl Ha3aA, ocse>KlllM s naMSITlll TeKCT Ill 
3aOAHO OCTaHOSlllMCSI Ha p111c. 20. 

Ha 3TOM p111cyHKe 111306pa>1<eHbl cpyHKU,lllOHanbHble cxeMbl (111n111 111Ha"le - 6noK-cxe
Mb1) pa3n111"1Hb1X paA111oannaparns, s TOM L1111cne Tenes1113opa. Ka>KAblli1 npsiMoyronbH111"leK 
Ha 3TOli1 cxeMe c111Mson1113111pyeT onpSAeneHHbl~ y"laCTOK nonHoli1 np111Hu,111n1ttanbHOli1 cxe
Mbl, Hanp111Mep YnY, AeTeKTop, reHeparnp KaAposoli1 pa3sepTK111, cxeMa c111HxpoH1113a
L1,111111 Ill T. n. Vl3 KaKlllX AeTaneli1 COCTaBneH Ka)l(Ablli1 1113 3TlllX «KYCO"IKOS», 6noK-CXeMa He 
pacKpblsaeT. Ee 3Ma"la nOKa3aTb TOnbKO, KaK111e s 3TOM annapaTe ecTb cpyHK1.1,1110Hanb
Hb1e y3nbl, KaK OHi/i Me>K,D,y co6oli1 CSSl3aHbl Ill KaKOSbl nYTlll npoxo>K,D,eHlllSI sneKTplll"leCKlllX 
ClllrHanos Me>K,D,y sceMlll 3TlllMlll npsiMoyronbHlll"IKaMlll. 

Ha caMoM Aene Ka)l(Ablli1 TaKoli1 npsiMoyronbHlllK - 3TO peanbHasi "laCTb cxeMbl, s co
cTas KOTOpoli1 MOrYT SXOAlllTb HeCKOnbKO TpaH3111CTOpos, AlllOAOS, KOHAeHCaTOpos, pe-
3111CTOpos. Hanp111Mep, Ha OAHOM 1113 KBaApaTlllKOs 6noK-cxeMbl rnnee1113opa Han111caHo: 
«CeneKTop Bbl6opa nporpaMM•. A "ITO Ha caMOM Aene npeACTasnsieT 1113 ce6si 3TOT ce
neKTop? OTBeT Ha 3TOT eonpoc Mbl Hali1AeM Ha p111c. 75. 

3TOT ceneKTOp - u,enasi caMOCTOSITenbHasi 111 secbMa cno>KHasi cxeMa, no cTeneH111 
cno>KHOCTlll Ill HaCblll.leHHOCTlll OTAenbHblMlll KOMnOHeHTaMlll He YCTYnalO~SI lllHOMY np111-
eMHlllKY lll"MarHlllTOcpoHy. 

A Tenepb nonpo6yeM Mb1cneHHO yMeHbWlllTb 3TY nonHylO cxeMy e 100 pa3 (BKnlO"lasi 
Ill peanbHble pa3Mepbl ecex BXOAS!ll.llllX B Hee PMlllOKOMnOHeHTOB) Ill «BKnel/ITb» 3TY 
MlllKpocpornrpacp11110 BHYTPb KBaAPaT111Ka paaMepoM 1 x2 CM, 111306pa>KalOL1.1ero Ha 6noK
cxeMe ceneKTop Bb16opa nporpaMM. 

Tenepb TaKlllM >Ke nYTeM yMeHbWlllM Mb1Cn0HHO COAeP>KlllMOe Ka>K,D,oro cpyHKLl,1110-
HanbHOrO y3na 111 nony...eHHble M111Kpocpornrpacp111111 SKne111M eo see KBMPaT111K111 6noK
cxeMbl Tenes1113opa. B pe3ynbTaTe 3TOli1 orpoMHOli1 yMcTeeHHOli1 pa60Tbl Mbl nony"l111n111 
r1116p111A 1113 cpyHK1.1,1110HanbHOli1 111 nonHoli1 np111Hu,111n111anbHOli1 cxeMbl Tenes1113opa, T. e. ecn111 
CMOTpeTb Ha TaKYIO cxeMy HeBOOPY>KeHHblM rna30M, H111KaK111X OTAenbHblX AeTaneli1 Mbl Ha 
Heli1 He YBlllAlllM, a ecn111 eoopy>KlllMCSI ClllnbHOli1 nynoli1, TO YBlllAlllM, "ITO Ka>K,D,blli1 KSaApa
TlllK .•. Hy, B 0611.1eM, nOHSITHO. 

CKOnbKO MecTa 3aHsin Ha n111cTe 6yMar111 3TOT cxeMHblli1 r1116p111A? Ecn111 rpy6o, rAe-To 
OKOno 200 CM2• A Tenepb nonpo6yeM 3TY HOBYIO cxeMy OnSITb >Ke MblCneHHO yMeHbWlllTb 
e11.1e B 100 pa3. Hy ecn111 He nony"llllTCSI B 100, TO XOTSI 6bl B 50. noHSITHO, "ITO 3TO O"leHb 
TPYAHO, HO see >Ke. 

Aeno e TOM, "ITO see, "ITO Ha r1116p111Ae Hap111coeaHo, HMO eMecTe co eceM111 n0Tpoxa
M111 3an111XHYTb BHYTPb OAHO!i1 lllHTerpanbHOli1 MlllKpocxeMbl, KOTOpasi, KCTaTlll roeopsi, 
TO>Ke Ha3bJBaeTCSI r1116PlllAHOli1. 

Pa3Mepbl 06bl"IH0'11 «CTaHAaPTHOli1» MlllKpocxeMbl, KaK npc1e111no, COCTaBnSllOT (no nno
ll.laAlll) KaK pa3 HeCKOnbKO KBaApaTHblX caHTlllMeTpoe. nocMOTPlllM Ha p111c. 76, Ha KOTO
poM 111306pa>KeHa cpyHKLl,lllOHanbHaSI cxeMa (!) OAHOi.11 peanbHOli1 MlllKpocxeMbl, B COCTaBe 
KOTOPOJll 34 (!) OTAenbHble cpyHKLl,lllOHanbHble cxeMbl pa3n111"1HblX yc111n111Teneli1, reHepaTO
poe, ceneKTopoe, AeMOAynsirnpoe, c"leT"llllKOB 111Mnynbcos ... TaM Ha cxeMe see OHlll o6o-
3Ha"leHbJ, MO>KHO I/IX npo"leCTb. 
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PMt:. n. CtpyKtypHast cxeMa MlllKpocxeMsi e111Aeonpo'-'eccopa AN560NK: 

1 ..;.. Cineic:rop GT!}O'IHblX ClllHXpOi.fMnyJ1bOOB; 2 - oxeMa 8i1Tclrib,AoTpOAKlll '18CTOTbl Ill <l>B3bl; 3 - YMHOJKM
Tenb 'IBCTOTbl CTPOK; 4 - cxeMa AnLt<I>; 5 - y3en onopHlilX ypOBHeiil; 6 - cenaparop KBAPOBblX CMHxpo
lllMnyn~QB; 7 - aereKTop •nern11•; 8 - KnlO'I 50/60 r1..1; 9 - C'leT'llllK KfJAPOBblX lllMnynbcoe; 10 - C'ler
"1111< CrPO'IHblX lllMnynbCOB; 11 - cxeMa 1..19HTPOBKlll; 12 - l!blXOA ClllHxpOlllMnynbCB 3anycKa; 13 - 060-
crpl.fi'enb ttipolfroe lllMnynbcoil; 14 - <f>opM11poearenb SC; 1B - BblAeneHllle 111Mnynbcoe «BCnblWKM•; 
16 - <l>OPMMpoearenb lllMnynbCa raweHMSI; 17 - perynMpOBKB SIPKOCTM; 18 - KOj)peKTop YPOBHR 'lepHoro; 
19 .... k111!1&/eeafl CXeMa; 20 - KnlO'I «S/NORV»; 21 - cxeMa <l>lllKOBl.1111111 YPOBHR; 22 - nlllHMR 3BA0PlKKM Y; 
2a- 3~PlKKB t1; 24 - aneprypHaR KOppeKl..llllR; 25 - 38,fl,ePlKKB t2; 26- nOBblWeHMe 'leTKOCTM; 27-
Tj;!lllrrep nATI; 28- M8TPMl..IB RGB; 29 - KnlO'leBble CX9Mbl; 30- KOHTponnep; 31 - yCMnMT9nb CMrHana 
l..IBElTHOCTM; 32 - perynRTOP 1..1eeroeoro TOHB; 33 - BblKnlO'ISTenb 1..1eera; 34 - <l>MnbTP AnLt; 35 - cxeMa 
nocrpo'!Horo ono3HaeaHMR; 36 - pacll.lenneHMe <l>B3bl; 37 - ASMOAynRTOpbl; 38 - wyMonoASeneHMe; 
3§ .- RGB APBAeepbl; 40 - peryn11poeKa ypoeHR 'lepHoro; 41 - cxeMa raweHMR; 42 - onopHbliil reHe
parep; 43 - APU; 44 - KnlO'I nATl/NTSC; 45 - 6y<1>ep nATl/NTSC 

A Ha3blBaeTcsi ece 3TO eMecrn B3HTOe CTPYKTYPHOli1 cxeMoli1 MlllKpocxeMbl BlllAeo
npoL,\ecoopa S1V2-102A. 

· 3Ta MlllKpocxeMa eoece He caMasi cno>KHasi 111 HaCbll.J..leHHasi. CpaeHlllM ee c p111c. 77, 
Ha KOTOPOM 111306pa>KeHa CTPYKTYPHast cxeMa Apyroli1 M111KpocxeMbl e111AeonpoL,\eccopa 
AN5607NK. 

nonpo6yeM OTBeTlllTb Ha eonpoc, •ffo >Ke TaKoe Ha caMoM.Aene MlllKPocxeMa. 

aJteMenmoe 

HnmezpaJtbnaa MU1CpocxeMa (HMC) - MUH:poaJteH:mpon· 

noe uaoeJtue, Bbtn0Jtna1014ee onpeoeJtenny10 fj>yHH:iju10 npeoo

paaoeanua u 06pa6om1eu cuznaJta u uMe1014ee Bbtco1ey10 

llJlOmHOCmb yna1C081CU SJle1CmpU'leC1CU COeOUHeHHbtX 

(uJtu aJteMenmoe u 1COMnonenmoe) u 1epucmaJtJtoe, 1eomopbte 

c mo'l~u apenua mpeooeaenuu 1C ucnbtmanuaM, npueM1ee, nocmae1ee u a1ecn

Jtyamaijuu paCCMampuea10mca 1Ca1C eOUHOe ijeJtoe. 
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Bee npoeTO Ill nOHRTHO. A OTHoe111TeJ1bHO Toro, eKOJlbKO see >Ke ,D,llleKpeTHblX 3J1eMeH

TOB (,D,1110,D,OB, TpaH3111eTOPOB, TlllpllleTOPOB Ill np.) MO>KeT HaxO,D,lllTbeR Ha 1 eM2 nosepxHO

eTlll Kp111eTanna MlllKpoexeMbl e BbleOKOlii nnOTHOCTblO ynaKOBKlll, TO, XOTR paa Ha pa3 He 

np111xO,D,l/ITeR, epe,D,HRR L\lllcf>Pa KOJ1e6neTeR r.o.e-To B paliioHe ... 10000000 WTyK. 

YpoK 2. BJ1Llbl MCKA)KEHMfl 
CMI'HAIIOB 

y Hae B pyKaX He60J1bWOli1 KapMaHHbllii pa.o.111onp111eMHlllK e n111taH111eM OT ,D,Byx Manora-

6aplllTHolX 6aTapeeK. Mbl r10li1Manlll xopouJo enblWlllMYIO pa.o.111oeTaHu111io, KOTOpas:i nepe

.o.aeT o"leHb np111RTHy10 Myab1Ky. Myab1Ka 111 npaB,D,a OTJ1111"1Has:i, TOJlbKO enb1WHO ee O"leHb 

ena6o. Mb1 noeopaL1111saeM peryns:iTOp rpoMKOeT111 B eTOpoHy ysen111L1eH111R, rpoMKoeTb 

eoseeM "IYTb-"IYTb yBeJllll"ll/IBaeTeR, HO Ka"leeTBO 3ByKa np111 3TOM eTaHOBl/ITeR 3Ha"ll/l

TeJ1bHO xy>Ke: K "lllleTOMY MY3blKaJ1bHOMY 3ByYaHl/llO np1116as111noeb KaKoe-TO Mewaiow.ee 

noxp111nb1eaH111e, oco6eHHO B Ha1116onee rpoMKlllx MeeTax. 

nosopaL1111BaeM peryJlRTOP rpOMKOeTl/I ,D,O ynopa, O,D,HaKo rpOMKOeTb np111 3TOM 60J1b

we He yseJll/l"ll/IBaeTCR, 3aTO BO MHOro pa3 ysenlll"llllBalOTeR HOBble noeTOPOHHl/le 3BYKlll, 

np111eMHlllK Tenepb Y>Ke OTKPOBeHHO xp111rn11T, xpioicaet, B&.13)1(1/!T, CKplllnlllT Ill eoo6w.e 1113,D,a

eT TaKoe KOJllll"leeTBO KaKlllX-TO 3BYKOB, "ITO eKB03b HI/IX e TPY.D.OM npoenyw111eaeTeR eaMa 

My3b1Ka. 

CTOlllT eHOBa yMeHbWlllTb rpOMKOeTb, KaK see noeTOpOHHllle 3BYKlll eaMlll eo6oli1 llle"le-

3alOT, a Myab1Ka HaL1111HaeT aey"laTb "lllleTo Iii 6naropo.o.Ho. Ho, npaB,D,a, onRTb O"leHb Tlllxo. 

B "leM a.o.eeb .o.eno? 

Bonpoe 0'49Hb "11-tTepecHbllii, HO BM8STO Toro, "IT06111>1 nOJ1yt4lotrb rOTOBbllii OTBeT, no

npo6yeM .o.oKonaTbeR .o.o 111eT111Hbl. A ,D,JlR aTOro aaliiMeMeR, Kaaanoeb 6b1, eosepweHHO 

noctopOHHHM ,D,0J10M, He lllMelOW.lllM K Hawelii 3a,D,8"1e HHK81EOrO OTHOWeH"1R, T. e. B03b

MeM JlllleT 6yMarfll, KapaH,D,aW lllJ11/1 py"IKY Ill 1-1ap111eyeM Ha Hetti TO, "ITO 111306pa>KeHO Ha 

pliie. 78. 
Tenepb 111ay....1.1M 3TOT p111eyHOK. 

,D,m1 Ha"lana B03bM0M etopolii "lllleTbllii Jll/ICT 6yMar-111 Ill nplllKJi}OeM lllM Bee H306-

pa>KeHlllR HaL1111Has:i e N!! 4. Y Hae oeTan111eb TPlll e111Hyeo1t1,D,bl B sepxHeM ps:i.o.y 111 TPl.1 e111Hy

eo111,D,bl B Hfll)f(H0M. 

LfeM OTJ1111L1a10TeR Me>K,D,y co6oli1 STiii e111Hyeo111Abl B 060111x pfl.o.ax? CosepweHHO sepHo: 

OHlll orn111L1a10TeR .o.pyr OT .o.pyra aMnn111ry.o.oli1. A nep1110.o.0M 0H111 paan111L1a10Tes:i? HeT. 

A cf>aaoVI? To>Ke HST. Tor.o.a MO>KeT 6bltb cf>opMolii? 1.11 cf>OjJMOlii To>Ke He paan111L1a10TCR. 

npeKpaeHO! 3H8"1111T, 3Tlll Tplll e111HyeOlll,D,bl OTJll/l"lalOTeR ,D,pyr OT ,D,pyra TOJlbKO aMnJ1111-

Ty,D,Oli1. A Tenepb epaBHlllM Me>K,D,y eo6oli1 0"19Hb BHlllMaTeJlbHO TPlll ClllHYCOlll,D,bl BepxHero 

pR,D,a Ill eOOTBeTetsyfOU\llle Tplll ClllHyeo111,D,bl Hl/l>KHero: "leM OHlll pa3J1f/ILfalOTCR Me>K,D,y co-

6oli1? 

noHRTHoe .o.eno, "ITO ue>K,D,y eo6oli1 0H111 Hlll48M He paa11111L1a10TCR, 0H111 ooeepweHHO 

0,D,lllHSKOBbl. 

A rnnepb npe.o.eTaBlllM ee6e, "ITO see STiii e111Hyeo111.o.b1 3TO 111 eeTb Ta eaMaR npeKpae

HaR MY3b1Ka, KOTOPYIO Mbl noli1MaJ1111 Ha eeolii r1pllleMHlllK, a paaMep ClllHyeolll,D,bl, T. e. ee 

8MnJ1111Ty,D,a, xapaKT0Plll3YIOT rpOMKOeTb 3By"laHl/IR 3TOlii My3b1Klll. np111 3TOM Hlll>KHlllVI PR.D. 

ClllHYCOl/l,D, eoOTBeTeTByeT KapMaHHOMY np111eMHlll"IKy, a sepxHi.tiil PR.D. - xopoweMy co

Bp8M9HHOMy MY3blKaJ1bHOMy L\8HTpy. LfTO >Ke KaeaeTCR BoleOTbl e111Hyeo111,D,bl, TO OHi/i xa

paKTSpfll3YIOT MaKc111ManbHYIO BblXOAHYIO MOW.Hoetb KaK Hawero np111eMHlll"IKB, TaK 111 MY-

3b1KanbHOro ueHTpa, nplllTOM B O,D,lllHaKOBOM MaewTa6e. 
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P111c. 78. MexaHlll3M B03HlllKHoeeHlllR Hen111Heii~blx' 111cKa>KeH111ii c111rHana 

A YTO 3HaYlt1T MaKClllManbHas:i? A 3TO 3HaYlllT, YTO BblWe 3TOH MOU\HOCTlll npllleMHlllK 
BOCnpOlll3BeCTlll npocTO He MO>KeT, )(OTb Tbl Tpec11,111! 

Tenepb AOCTaeM Haw TeopeTlllYeQKlllH KapMaHHblH npllleMHlllK, CaAlllMCS'I PHAOM c MY· 
3blKanbHblM 1..teHTpOM, HaCTpa111sa,eM 96a np111eMHlllKa Ha Hawy MY3blKanbHYIO CTaHL.tllllO 
Ill ycTaHasn111saeM pyYKaMlll rpOMKOCTlll OAlllHaKOBblH yposeHb, COOTBeTCTBYIOU\lllH Clll
HYCOlllAe N!! 1. 

06a np111eMHlllKa eocnpo1113BOAS'IT MY3blKY OTnl/IYHO, 6e3 BCS'IKlllX noMex Ill lllCKa>KeHlllH, 
HO o6a - OYeHb TlllXO. npocTO ene CnblWHO. '"IYTb·YYTb ysenlllYlllM rpOMKOCTb, AO YPOBHS'I 
c111Hyco111Abl N!! 2. KaYeCTBO MY3b1Klll He 111aMeH111nocb, a rpoMKOCTb cTana no6onbwe. 
npeKpacHo! KpYTlllM pyYKY ASnbWe, TOnbKO noHeMHory, a He pe3KO. 

rpoMKOCTb aeyYaH111s:i 060111x np111eMHlllKOB (!) ysen111Y111saeTcs:i OAlllHaKoeo np111 coxpa
HeH111111 BblCOKOro KaYeCTBa 3ByYaHlllS'I, HO TOnbKO AO Tex nap, noKa ypoeeHb 3TOH caMOli'i 
rpOMKOCTlll He AOCTlllrHeT 3HaYeHlllS'I, COOTBeTCTBYIOU\ero ClllHYCOlllAe N!! 3. 

Tenepb y6111paeM BTOpoli'i nlllCT 6yMar111, nplllKpblBalOU\111~ OCTanbHYIO YaCTb p111cyHKa, 
a peryns:iTOpb1 rpoMKOCTlll B 060111x np111eMH111Kax nosepHeM ell\e HeMHoro B cTopoHy yee
n111YeH111s:i. y MY3blKanbHOro 1..teHTpa 3TO nplllB0AeT K ClllTYaL.tllllll, o603HaYeHHOH ClllHyCOlll· 
AOH N!! 4, a y Hawero KapMaHHOro npllleMHlllKa - ClllHYCOlllAOH ••• 

BnpoYeM, c 3TOH YeTeepT0'1 ClllHyCOl/IAOH YTO-TO CnyYlllnOCb. Bo-nepeblx, OHa He «Bbl· 
pocna», a OCTanacb TaKoro >Ke paaMepa, YTO Ill np0AblAY~S'I, TpeTbS'I. A BO·BTOpblX, YTO 
caMoe YAlllBlllTenbHOe, oHa nepecTana 6b1Tb c111Hyco111Ao'1! To ecTb, oHa ell\e noxo>Ka Ha 
ClllHYCOlllAY. HO y Hee KaK 6bl OTpeaan111 o6e eepxyWKlll. TorAa KaK c ClllHYCOlllAOH y MY3bl· 
KanbHoro 1..teHTpa HlllYero noAo6Horo He npo111aowno. 0Ha npoAOn>KaeT npecnoKo'1Ho 
pacrn, He MeHs:is:icb no cf>opMe. 
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lt1 ec1w1 6yAeM AMbwe nb1TaTbCfl yeem1Y1<1Tb rpoMKOCTb, TO aTO 6yAer npo1<1cxoA1t1Tb 

TOJlbKO y MY3b1KaJlbHOro ueHTpa, a y Hawero np1<1eMH1<1Ka BMeCTO yBeJ11<1YeH"1fl rpOMKOC

rn 6YAYT yeeJ1"14"1BaTbCfl TOJlbKO "1CKa)f(eH"1fl. STO CTaHeT flCHO, eCJ1"1 OTBernTb Ha eon

poc, YeM pa3111<1Ya10TCfl Me)f(Ay co6oiil ece p1<1cyHK1<1 HaY1<1Has:i c YeTeepTOro 1<1 KOHYas:i 

ceMHaAUaTblM (a ~ TeM 6onee ABaAUaTblM "1Jl"1 copoKOBblM). 

A pa3111<1Ya10TCfl OH1<1 TeM, YTO YeM AaJlbWe enpaeo, reM see MeHbwe cj>opMa c1<1rHana 

eraHOB"1Tefl noxo>Keiil Ha 1<1eXOAHYIO e1<1HyC0"1AY· A BOnJ1"1, B"13r"1 "1 KapKaHbe Hawero np1<1-

eMH"14Ka see MeHbWe eTaHOBflTefl noxO>K"1 Ha TY np1t1SITHYIO MY3b1Ky, KOTOPYIO OH eoe

npOi..13BOA"1J1 np1<1 MaJlOM ypoeHe rpOMKoem. 

Hy, a '!TO >Ke c MY3blKaJlbHblM ueHTPOM? noYeMy c H"1M TaKoe He np0"130WJlO? 

nocMOTp"1M, '!TO c H"1M np0"130iilAeT np1<1 nepeXOAe OT AeBflTOiil e1<1Hye0"1Abl K AeeflTOiil, 

a 3areM K OA1<1HHaAUaTOiil, ns:iTHaAuaTOiil, ABaAUaTOiil. KapmHa nonHoeTblO noeTOp1<1-

naeb, HO, npaeAa, Ha 6onee BblCOKOM ypoeHe. Ho aro 1<1 He YA1t1B1<1TenbHO, nocKOJlbKY 

MaKC"1MaJlbHafl He1<1CK~eHHafl (!) MOU\HOCTb y Hero B HeCKOJlbKO pa3 60JlbWe, YeM y 

Hawero np1<1eMH1<1YKa. A Bb1we STOiil eeoeiil MaKe"1MMbHOiil MOU\HOcm "1 MY3b1KaJlbHb1iil 

ueHTP OKa3aJlefl ena6aK. noTOMY '!TO ara eaMafl MOU\HOCTb He 3Pfl Ha3eaHa MaKe1<1MaJlb

HOiil. A 3Ha4"1T, BblWe 6b1Tb He MO>KeT. KaK Mbl ~e yr04H"1Jl"1, XOTb Tbl rpeCH"1! 

Hy xopowo, e TeM, YTO ypoeeHb rpoMKoern e KOHUe KOHUOB nepecraeT yeen"14"1-

eaTbes:i, ell\e MO>KHO comae"1Tbefl. Ho OTKYAa B03H"1KalOT HOBble, AOnOJlH"1TeJlbHble 8"13-

rn "1 xplOKaHbfl, KOTOpblX B eaMoiil MY3b1Ke He 6blJ10? BOT 3TO eonpoe "1eKnl04"1T8JlbHO 

ea>KHbliil "1 Ha HeM He06XOA"1MO oeraHOB"1Tbefl AJlfl 6onee AeTaJlbHOro paeeMOTpeH"1fl. 

Teop1<1s:i mac"1T, YTO nio6oiil HerapMOH"1YHb1iil (4"1Taiil - Hee"1Hyeo"1AMbHbliil) aneKTP"1-

YecK1<1iil e"1rHan - Hanpsi>KeH"1e "1Jl"1 TOK e noMOU\blO MaTeMarnYeeKoro annapaTa MO)f(HO 

paano>K1<1Tb e TaK Ha3b1eaeMb1iil PflA ct>ypbe, npeAcraenfl10U\1<1iil eo6oiil anre6pa"1YecKyio 

eyMMY rapMOH"14eeK"1X (e"1Hye0"1AaJlbHblX "1 KOe"1Hye0"1AaJlbHblX) eoeTaBJlfllOU\"1X - rap

MOH"1K, YaeTOTbl KOTOpblX B KpaTHoe 4"1eJlO pa3 (B 2, 3, 4, 5 "1 T. A· pa3) BblWe YaeTOTbl 

OCHOBHOro e1<1rHana, a aMnJ1"1TYAbl y6b1Ba10T c B03paeTaH"1eM nOPflAKOBOro HOMepa 

rapMOH"1K"1. nepeoiil rapMOH"1KOiil e raKOM PflAY pa311o>KeH1<1fl eY"1raeTes:i rapMOH1<1Ka 

c YaeTOTOiil eaMoro nep1<10A1<1YecKoro e1<1rHana. 

lt13 SToro onpeAeneH1<1fl BblTeKaeT, YTO Y"1eTo e1<1Hye0"1AaJlbHbliil e1<1rHan H"1KaK1<1x rap

MOH1<1K (KPOMe, pa3yMeeTefl, nepeoiil) B eeoeM eoeTaee He "1MeeT. AHrnnOAOM e1<1Hyeo1<1-

Abl np1t1HflTO e4"1TaTb e"1rHan n-o6pa3HOiil cj>OpMbl, 4"1eJlO rapMOH"1K KOTOporo Teopem

YeeK"1 6ecKOHe4HO. Bee oeTaJlbHble cj>opMbl Hee1<1Hye0"1AaJ1bHblX e1<1rHaJlOB TaK "1Jl"1 1<1Ha-

4e YKnaAb1ea10Tes:i e am norpaH1<14Hble paMK"1. 

Xopowo "13BecTHO, YTO e nio6oiil annaparype npoxOAflll\"1iil 4epe3 Hee aneKTp"1Yee

K"1iil c1<1rHan He1<136e>KHO npeTepneeaeT re "1J1"1 "1Hb1e B"1Abl "1eKa)f(eH"1iil. Bee arn "1eKa>Ke

H"1fl 06bl4HO OTHOCflT K OAHOMY "13 Tpex B"1AOB: J1"1HeiilHble "1CKa)f(eH"1fl (YaeTOTHble "1 cj>a-

30Bble) "1 HeJ11<1HeiilHble "1eKa>KeH"1fl. 

nepBble ABa B"1Aa "1eKa>KeH"1iil, "13MeHflfl aMnJ1"1TYAY "1 cj>a3y e1<1rHana, He BJ1"1fllOT Ha 

ero cj>opMy, TOrAa KaK Tperniil B"1A 1<1eKa>KeH1<1iil - HeJ1"1HeiilHble 1<1eKa>KeH1<1fl Bbl3blBalOT 

"13M9H9H"19 "1M9HHO cj>opMbl npOXOAflll\ero e1<1rHana. 

Ha npaKT"1K9 3TO BblrJlflA"1T TaK, '!TO B BblXOAHOM e"1rHane noene ero npOXO)f(AeH"1fl 

4epe3 3Jl9KTP"1YeeK"1iil TpaKT nOflBJlfllOTefl HOBble ·YaeTOTHb19 KOMnOH9HTbl (eoeTaBJlS1-

IOU\"1e), KOTOpblX He 6b1Jl0 BO BXOAHOM e1<1rHane. 

CoeepweHHO OYeB1<1AHO, YTO aro "1 ecTb re eaMble eb1ew"1e rapMOH"1K"1, KOTOpb1e 

B03H"1KJ1"1 e npoueeee o6pa60TK"1 e"1rHana 3a eYeT HeJ11<1HeiilHoem xapaKTep1<1emK aK

meHblX exeMHblX 3JleMeHTOB (PaAl<10JlaMn, TpaH3"1eTopoe, Mi..1KpoexeM), KOTOpble "1 np1<1-

BeJ11<1 K "1eK~eH1<110 cj>OpMbl BXOAHOro C"1rHana. 

EeJ1"1 pe'lb "1A9T 0 H"13KOYaeTOTHOM (3BYKOBOM) eneKTpe, TO HeJ11<1He'1Hb19 1<1eKa>KeH1<1fl 

Bbl3blBalOT 3aMeTHOe Ha enyx HapyweH"1e eoenp0"13BOA"1Moro annaparypoiil 3eyYaH1<1fl 

no epaeHeH"1IO e 1<1exOAHblM (op1<1rnHaJlbHblM}. Sm 1<1eK~eH1<1fl np1<1H1<1Ma10T cj>opMy pa3-
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JllllYHblX xp111noe, nOSIBJ10HlllSI pa3HblX H0CBOHCTB0HHblX ABHHOMY lllHCTPYM0HTY lllJ1111 rono

cy np111aeyKoe, cH111)1(eH11110 paa6opY111eocT111 pey111 111 npo:1paYHOCTlll MY3blK8J1bHOro COA0P

>1<aH111si. 

01..\BHKa CTeneHlll lllCK8>1<0HlllSI ClllrHana 38 CYST B03HlllKHOB0HlllSI H0J1111H0HHblX lllCK8)1(Q

HlllH CBOAlllTCSI K onpeA0J10HllllO KOJ1111Y0CTB0HHOro COOTHOW0HlllR MB>l<AY cyMMOlli aMnJllll

TYA ecex rapMOHlllK Bb1we nepeoali 111 aMnJ1111TYAOi;; caMoi;; nepeoi;; rapMoH111K111 111 Bb1pa>1<a

eTcsi, K8K npaBlllJ10, B npOl..\0HT8X. 

noatoMy e nacnopTe nro6oro np111eMH111Ka, MarH111Tocj>oHa 111n111 Tenee1113opa Mbl o6si-

38T0J1bHO Hai;;AeM CTPOYKY c yKaaaH111eM een111YlllHbl M8KClllM8J1bHOi;; He111cKa)l(eHHOH 

MOl.l..IHOCtlll np111 COOTB0TCTBYI01.1..10£.l 3TOi;; MOl.l..IHOCTlll B0J1111YlllH0 K03cj>cj>llll..\1110HTa H0J1111H0H

Hb1X 111cKa>1<eH111i;; (e npOl..\0HTax). Y MY3b1KaJ1bHoro l..\8HTpa 3Ta l..\lll<l>pa enonHe MO)l(0T 

6b1Tb nOPSIAK8 0, 1 ... 0,5% np111 BblXOAHOi;; MOl.l..IHOCTlll ABCSITKlll ean, TOrAQ KBK y Hawero 

«KapMaHHlllKB» y>1<e np111 MOl.l..IHOCTlll 0,25 ... 0,5 BT 3Tlll caMble Hen111Hei;;Hb1e 111cKa>1<eH111A 

1111orYT OK838TbCSI nopSIAKa 5 ... 10%, YTO Ill 06bSICHA0T era nOBblW0HHYIO CKJ10HHOCTb 

K xplOKBHblO Ill KapK8HblO np111 nonblTKe npeBblClllTb 3TY orpaHlllY0HHYIO H0111CKa>l<0HHYIO 

BblXOAHYIO IVIOl.l..IHOCTb. 

TaK YTO Tenepb 6yAeM 3H8Tb, YTO ecn111 np111eMHlllK l/IMeeT H0111CKa)l(0HHYIO BblXOAHYIO 

MOl.l..IHOCTb ecero 1 BT, TO coeepweHHO 6ecnoneaHo aacTaensiTb ero KOHKyp111poeaTb 

no rpOMKOCTlll c xopOWlllM ccnaHaCOHlllKOM» lllJllll «ct>lllJllllnCOM» - KPOMe acj>cj>eKTa )1(8J1KO

ro XPIOK8HlllSI 3TO see paBHO Hiii K Y0MY He nplllB0AeT, CKOJlbKO 6bl Mbl He KPYTlllJ1111 enpaeo 

pyYKY rpoMKOCTlll. XOTb AO ynopa. 

BOT noarnMy, ecn111 lllATlll no yn1111..\e c opy1.1..1111M M8J10MOl.l..IHblM nneepoM, TO 1113ABB8Tb 

OH 6yAeT TOJlbKO HeYJ10HOpa3A0JlbHbl0 3BYKlll. 

Pa6ollee 
MeCTO 

CeroAHR Mbl npoAOJl)l(lllM o6opyAOBaTb pa6oYee MeCTO oYepeAHblM 111aMep111Tenb

Hb1M np1116opoM. y Hae 38 nneYaMlll y)l(0 COJ1111AHbli;; TeopeTlllY8CK111i;; 6ara)I( Ill BnOJ1H0 AO

CT8TOYHblH npaKTlllY0CKl/li;; OnblT 1/13rQTOBJ10HlllSI C8MOCTOSITSJ1bHblX KOHCTPYKl..\1111;;, a TPYA

HOCTei;; Mbl He 60111MCSI - Mbl I/IX npeOAOJ10B80M Ill nonYTHO YYlllMCSI HB CBOlllX )1(0 co6-

CTB0HHblX ow1116Kax. TaK YTO enepeA, K HOBblM TBOpYeCKlllM ycnexaM ! 
np1116op 3TOT Ha3blB80TCSI reHepaTOpOM 3ByKOBblX Y8CTOT. Ero nplllHl..\lllnlllaJ1bH8SI 

C?<eMa np111B8A8Ha Ha p111c. 79. A6COJ1IOTHO HlllYero HOBOrO, Yero 6bl Mbl y)l(e xopowo He 

3H8J1111, Ha 3TOi;; cxeMe H0T. 

nepBbl0 ABS Tp8H3111CTOpa CO BC0Mlll OTHOCSll.l..llllMlllCSI K HlllM A0T8J1SIMlll 06paaylOT re

HepaTOp ClllHyCOlllABJlbHblX c111rH8J10B Hlll3KOH (3BYKOBOi;;) Y8CTOTbl c 111cnOJ1b30B8Hlll0M 

MOCTa B111Ha, pa60TY KOTOporo Mbl C8MblM A0CKOH8J1bHblM o6pa30M paa6111pan111 Ha BTO

POM ypoKe npSAblAYl.l..IBro 9-ro 38HSITlllSI Ill cxeMa KOTOporo nplllB0A0H8 Ha p111c. 61,6. 



P111c. 79. np111H~111n111anbHaR cxeMa reHepaTOpa 3eyKoeo~ LfaCTOTbl 

reHepaTOpHasi YaCTb np1116opa 3aKaHY111saeTcs:i nesee seprnKallbHOH nyHKTlllpHOH 11111-

H111111, rAe 111306pa:>KeH AByxnomocHblH pa3beM. Ha caMOM Ae11e s KOHCTPYKL\111111 np1116opa 

TaKoro pa3beMa HeT, a Hap111cosaH OH Ha cxeMe AJlS'I Toro, YT06bl nOAY0PKHYTb, YTO oc

TaJlbHaSI YaCTb np1116opa npasee nyHKTlllPHOH JllllHllllll, He o6s:i3aTeJlbHO AOJl>KHa 6b1Tb TOY

HO TaKOH, KaK Ha cxeMe. B YaCTHOCTlll, yc11111111TeJlb snonHe MO:>KeT 6b1Tb 6onee MOW.HblM, 

Hanp111Mep AByxTBKTHblM, KOMMYTaTOp npeAenos 1113MepeH111s:i MO>KeT 111MeTb APYroe Y111c-

110 npeAeJlOB (WKBJl), BOJlbTMeTp MO:>KeT 6b1Tb He aHBJlOrQBblM, a l..\lll<l>POBblM, Ill T. A· 

B HaweM eap111aHTe npaeas:i YBCTb cxeMbl TaK:>Ke He HOBa. 0AHOKaCKaAHblH pe311lCTlllB

HblH yc11111111TeJlb Ha TpaH311lCTOpe no cxeMe c 06W.111M 3MlllTTepoM HBM xopowo 3HBKOM. 

ECJllll eCTb COMHeHlllS'I, TO eepHeMCS'I HB3aA Ill nOCMOTPlllM p111c. 50 Ill 56. MocTOeas:i cxeMa 

Bblnps:IMl!lTeJls:i K BOJlbTM9TPY - 3TO eoo6w.e TeMa nepeoH KHl!lrlll ( «A36yKa PaAlllOlll06M· 

Tells:!»), TaK )Ke, KBK Ill pe3111CTlllBHblH A9JllllTeJlb (aneHIOaTOp), npeAHB3HaYeHHblili AJ1S1 Ae

KaAHOro (e 10 pa3) 1113MeHeH111s:i ypoeHs:i BblXOAHOro c111rHana. 

reHepaTOp c MOCTOM B111Ha - cxeMa lllCKJllOYlllTeJlbHO HaAe>KHas:i, YCTO~YlllBaR, MHO• 

roKpBTHO npoeepeHHas:i Ill IJ.JlllPOKO 111cno11b3yeMas:i BO MHOrlllX reHepaTOpax npOMblWJ1eM· 

HOro npOlll3BOACTBa, TaK YTO B 3TOM CMblCJle HlllKBKllle TPYAHOCTlll Ill ciopnplll3bl H&C Me 

O:>KlllAalOT, ec11111 Mbl BHlllMaTeJlbHO OTHeCeMCS'I K MOHTa:>Ky Ill He AOnyCTlllM rpy6blX ow1116oK. 

0AHO~ 1113 Ba:>KHblX AeTaneH s:iens:ieTcs:i CABOSHHblH noTeHL\lllOMeTp R2R3, c noMOW.bl0 

KOTOporo pery11111pyeTCS'I (1113MeHs:ieTCS'I) pa6oYaSI YBCTOTa reHepaTOpa. CAB08HHblH 

(B OTJllllYllle OT cnapeHHOro) - 3TO TaKOH, o6a pe31!lCTOpa KOTOporo ynpaBJlS'llOTCS'I OAHOVI 

o6w.eH ocbio. Conporne11eH111e srnx pe3111cTOpoe, eoo6w.e roeops:i, MO>KeT 6b1Tb 111 lllHblM 

(Hanp111Mep, 2x22 KOM). 3TO OTpa311lTCS'I TOJlbKO Ha Alllana30H0 reHep111pyeMblX YBCTOT, 

KOTOPblH ece paeHo np111AeTcs:i ycrnHae11111eaTb e npol..\ecce pery11111poeK111 np1116opa. 

KaYecTeo reHep111pyeMoro c111rHa11a (T. e. ero cpopMa 111 eem1Y111Ha Hen111HeHHb1x 111cKa

.ll<eH111i-1) cyw.ecTeeHHO 3ae111c111T OT se11111Y111Hb1 conporns11eH111s:i pe3111cTopa RB. VIMeHHO 

no3TOMY OH Ha cxeMe noMeYeH «3B83AOYKOH» (*), YTO 03HaYaeT He06XOAlllMOCTb ycTa

HOBJ18HlllS'I ero eeJllllYlllHbl onblTHblM nYTeM (T. e. noA6opoM) B npOL\eCce pery11111pOBKlll. 

TOYHO TaK )1(8 np111AeTCS'I nOA06paTb no MlllHlllMaJlbHblM lllCKa>KeHlllS'IM Ill BeJllllYlllHY pe-

31/lCTOpa R12 B KaCKaAe yc11111111Te11s:i, nOCKOJlbKY OHa cyw.ecTBeHHO 3ae111c111T KaK OT rpyn

nbl TpaH311lCTOpa (6yKeeHHblH lllHAeKc: Hanp111Mep, KT3156 11111111 KT315 B), TaK 111 OT KOHK

peTHoro 3K3eMnns:ipa. 
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Bee 3Tlll perym11poBOL!Hble pa60Tbl B03MO>KHO npOBOA"1Tb T011bKO npM H911"1Lf"1"1 oc

u,111111orpacpa. noaToMy np11AeTCR no11cKaTb 0611QAaTe11eil1 TaKoro np116opa cpeA11 APY-
3ei11-pQA11011io611Te11eil1111111 o6parnTbCR 3a noMOll.\blO B MecTHblil1 pQA110KJ1y6. 

no y>Ke ycTaHOB11BWeil1cR TpQA11U,llllll Mbl npeAJ1araeM rOTOBblil1 p11cyHOK neYaTHOil1 

n11aTbl (p11c. 80) 11 OAHOBpeMeHHO npl13blBaeM He o6paUUlTb Ha Hero BHl1MaHlllR, a co

CTaBlllTb p11cyHOK neYaT111 caMOCTORTe11bHO. Bo-nepBblX, aTo lllHTepecHee, YeM npocTo 

KOn11poBaTb YY>KYIO 11ASIO, a BO-BTOpblX, HSMHOro no11e3Heil1, nOCK011bKY o6oraUUleT 1111Lf

Hblil1 npaKT11YeCKlllil1 OnblT. 

90 

P111c. 80. ne'iaTHaR nnara rettepaTOpa 

+ 
98 

K nepeKn1J'lamen11 
npedenofJ (wKan) 
u IJ0111>mMempy 

LITO KacaeTCR KOHCTPYKU,1111, TO 3AeCb B006L1.1e ace 38BlllClllT OT Toro, KSKlllMlll AeTa11R

M11 Mbl pacno11araeM. :3TO B nepBylO OYepeAb OTHOClllTCR K Tlllny 1113Mep111Te11bHOil1 ro110B

K"1 11 K Bl1AY nepeK11IOLfaTe11R (KHOnOL!Hblil1 Ha 6a3e n2K 1111111 raneTHblil1). 
Ba>KHblM a11eMeHTOM KOHCTpyKu,111111io6oro reHepaTOpa (111 3Toro B TOM L1111c11e) RB11R

eTCR wKana oTcYeTa YacToT. B 11io60M c11yYae oHa A011:>1<Ha 6b1Tb KpynHoil1, YA060L111Ta

eMoil1, c YSTK111M11 p11cKaM11 11 pa36opL111soil1 ou,111cpposKoil1 3HaYeH11il1 YSCTOTbl. Ocb pery-

1111pyioL1.111x Lf8CTOTY noTeHU,110MeTpOB A011>KHa 6b1Tb CBR38Ha co CTpe11Koil1-yKa3aTe11eM 

HSCT011bHO >KeCTKO Ill HQAe:>KHO, L!T06bl n011HOCTblO l1CKJ110L!a11acb B03MO>KHOCTb 11X OTHO

Cl1Te11bHOro CM8ll.\SHl1ff B npou,ecce 3KCn11yaTau,1111, lllHal.fe 3TO HSMl1HYSMO np11BSA9T 

K HapyweHllllO nepBOH8Lf8JlbHOil1 rpQAy11poBKl1 WKaJlbl. 

Tenepb Sll.10 pa3 BHl1MaTS11bHO OCMOTPlllM pa6oYee MSCTO, TOL!HO onpeAS11"1M MeCTO, 

rAe HOBblil1 np116op 6yAST noCTORHHO HSXOAl1TbCR, npoAyMaeM, KSK B 3TOM c11yyae Ha111-

6011ee YA06Ho pacno110>1<111Tb opraHbl ynpas11eH11R Ha ero nepeAHeil1 (a Mo>KeT, sepxHeil1 

111111 6oKoBoil1) naHe1111111 pew11M 3apaHee sonpoc c ero n11TaH111eM. 



3J.\l-Uff ~IE 
OA~ll-11-IJ.\A!!J.\ ~roE 

TeopHH 

YpoK 1. MEXAHl1"CJECKAR M OnTMl/ECKAR 
3AnMCb I BOCnPOM3BFLIEHME 3BYKA 

VICTOPllls:I TaK Ha3b1Ba0MO!i; M0XBHlllY0CKO!i; 3BYK03an111c1rt HaY111Ha0T CB00 lllCYlllCJ10Hlll0 

OT 18 C0HTs:!6ps:i 1888 roAa, KOrAa aM0p111KaHL.1Y ToMacy Anb6a 3AlllCCOHY 6b1Jl BblABH na

T0HT N!! 15944 Ha 111306p0T0H1110 noA Ha3BaHJ.rt0M «<t>oHorpa<P». 

ct>oHorpacp 3AlllCCOHa np0ACTBBJls:!Jl co6oii; ycTpoii;CTBO, B KOTOPOM HOClllT0Jl0M 3BY

K03an111c111 s:IBJlS'IJlCs:I OC06b1ii; l.llllJ1111HAP c Ha1..1apanaHHO!i; Ha H0M cn111panbHO!i; KaHaBK0'1. 

B npo1..10cc0 3an111c111 3ByKa 3TY KaHaBKY Ha-

HOClllJl Ha epalJ.UllOL4111ii;Cs:i c nocTOs:IHHO!i; CKO

pOCTblO l.llllJllllHAP OC06blii; M0XaHlllY0CKlll!i; p0-

301..1 (OH Ha3blBaJ1CSI P0KOPA0P). non0p0YHbl0 

KOJ106aHllls:I KOTOporo B TOYHOCTlll nOBTOPSIJllll 

KOJ106aHllls:I B03Ayxa, Bbl3b1Ba0Mbl0 lllCTOYHlll

KOM 3ByKa. 

B ct>0Horpacp0 3TOT 1..111111111HAP epa14a11csi 

c TaKo'1 )1(0 CKOPOCTblO, YTO Ill np111 3an111c111, 

a non0p0YHbl0 KOJ106aHlllSI c KaHaBKlll CYlllTbl

eana cn01..1111anbHaS1 roJlOBKa, OCTpasi CTaJlbHaSI 

111rna KOTOpo'1 6b1Jla )1(0CTKO CBSl3aHa c nOA

Blll)l(HO!i; M0M6paHo'1. Ko1106aH111si M0M6paHbl 

B036Y'KABJ1111 B03AYWHbl0 KOJ106aHlllSI B oco6oM 

P030HaTOp0, BblnOJlH0HHOM B <l>OPM0 pynopa, 

1113 pacw111psiio140'1csi Yacrn KOTOporo Ill lllCXO

AlllJl 3ByK. 

Ha p111c. 81 np111e0A0Ha KOHCTPYKL.llllSI ct>o

Horpact>a, np0ACTaBJ10HHaSI B naT0HT0 caMlllM 

3AlllCCOHOM. 

P111c. 81. KoHcrpyKL(lllSI nepeoro 
e M111pe annapara 3ByKo3an111c111 

(<f>oHorpa<f>a SA111cc0Ha) 
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3a CTO c JWIWHlrtM J10T, npowe,fl,WlrtX c Tex nop, 4>oHorpa4> npeTepne11 MHO>K9CTBO 

YlrtCTO KOHCTPYKTli'IBHblX ycoeepweHCTBOBaH1rti1, OAHaKO Hirt lrtA9SI, Hirt nplrtHl..\lrtn MexaHlrt

Y9CKOi1 3anlrtClrt lrt eocnpOlrt3B9A9HlrtSI He npeTepne111rt H1rtKaK1rtX lrt3M9H9Hlrti1. «3ByKOBOi1 

l..\lrt1l1rtHAP" AaBHO 3aMeH1rt111rt n11ocK1rte B1rtH1rt111rtTOBb1e A1rtCK1rt - rpaMn11acT1rtHK1rt, eMecTo 

npy:>KlllHHoro np1rtl!IOAa c 3aBOAHOi1 PYYKOi1 epall.\eH1rte AlrtCKa OCYll.\9CTB11SllOT s11eKTpo

AB1rtraTe111rt co CJlO>KHblMlrt ClrtCTeMaMlrt nOAA9P>KaHlrtSI nocTOAHCTBa CKopocrn epall.\9HlrtSI, 

CYlrtTbl1JaH1rte 4>oHorpaMMbl npOl.13BOAlrtTCR c noMOll.\blO BblCOKOYYBCTBlrtT9JlbHblX Mar

HlrtTO- 1rt nbe3os11eKTp1rtYeCK1rtx eocnp01rt3BOAS1ll.\1rtX ro11oeoK, BHYTPlrt cn1rtpa11bHOi1 KaHaBKlrt 

HeCyll!asi 1rtH4>opMal..\1rtS1 3an1rtcb1eaeTCsi pa3A911bHO Ha ee BHYTP9HHei1 1rt HaPY>KHOi1 60Ko

Bb1x noeepxHOCTSIX, 06ecneY1rtBaS1 nepeAaYy CTepeo4>0Hlrt"l9CKOi1 3an1rtc1rt, 6blCTPOlrt3Ha

Wt.1BalOll.\YIOC'I CTaJ1bHYIO 1rtrny 3aMeHlrtJ11rt npaKTlrtY0CKlrt 891.fHble lrtr11bl lrt3 KOPyHAa lrt can

q,1.1pa. 

B coepeMeHHblX npo1rtrpb1eaTe11Ax rpaMn11acT1.1HoK (s11eKTP04>0Hax) 3an1rtcaHHbli1 Ha 

AMCK0 ClrtrHaJI, npe>KAe "ISM npeeparnTbCSI B 3ByK, npoXOAlrtT H9CKOJlbKO CTaAlrti1 npeepa

ll.\9HlrtS'I CHa"lallB lrt3 M9X8Hlrt"l9CKlrtX K011e6aH1rti1 lrtr11bl B 3119KTPlrtY9CKlrti1 Hlrt3KOYBCTOTHbli1 

c111rHa11, KOTOpbls:i 3aTeM nOABepraeTCSI 3Ha"!lrtT9JlbHOMY yc1rt11eH1rtlO no HanpSl>K9HlrtlO lrt no 

MOIJ_\HOCTlrt, YaCTOTHOi1 KOppeKl..\lrtlrt lrt TOllbKO noc11e 3TOro CHOBa npeo6pa3yeTCSI B Mexa

HlrtY9CKlrt9 (3ByKOBb19) K011e6aH1rtA np1rt nOMOll.\lrt 3118KTPOM9X0HlrtY9CKlrtX npeo6pa30BaTe-

11ei1 CaMoro pa3JllrtYHOro BlrtAa lrt KOHCTPYKl..\lrti1 (rOllOBHble T91194>0Hbl, BCTP09HHbl9 OA1rt

HO"!Hbl9 rpoMKOrosop1rtTe111rt lrtlllrt MOll.\Hbl9 «3BYKOBbl9 KOllOHKlrt»). 

Ho, HeCMOTpsi Ha see srn ycoeepweHCTBOBaH1rtsi, CAe11aew1rte coepeMeHHb1e c1rtcTe

Mb1 M9XaHlrtY9CKOill rpaM3an1rtc1rt He lrtM910ll.\lrtMlrt HlrtYero 06ll.\ero c nepBblM 4>0HOrpaq,oM 

3AlrtCCOHa, np1rtHl..\1rtn MexaHlrtY9CKOi1 3an1rtc1rt 3BYKa OCTallCSI H93bl6119MblM lrt He npeTep

ne11 HlrtKaKlrtX lrt3M9H9Hlrti1. 

KoHeu, 6espa3A91lbHOMY rocnOACTBY 3A1rtCCOHOBCKOi1 c1rtcTeMbl no11mK1rt110 1rt306pe

TeH1rte 11a3epHO-l..\1rt4>poeoro np1rtHl..\1rtna 3an1rtc1rt/eocnpo1113eeAeH111si 111H<t>opMal..\L111rt Ha 

cnel..\1rtaJlbHbl9 TaK Ha3b1Ba9Mbl9 KOMnaKT-All'ICKLll, Lil cei1Yac Mbl noAp06Hee n03HaKOMLllM

CSI C 3TOi1 HOBOi1 CLllCT9MOi1. 

Ec11111 AllSI eocnpo1113eeAeH1rtsi rpaM3an1rtc111 111cno11b30Ba11111cb ycTpoi1cTea, 06beA1rtHS1-

eMble 06ll.\lrtM H03BBHLll9M 3119KTP04>0H (rpaMM04>0H, npo1rtrpb1BaTe11b), TO ycTpoi1CTBa 

AllSI eocnpo1rt3B9A9HLllSI c KOMnaKT-AlrtCKOB no11yYLllJ1Lll Ha3BaHlrt9 B BlrtA9 KP8TKOi1 a6-

6pee111aTYPbl CD. 

KOMM9PY9CK09 Ha3BaH1rte «CD-n11ei1ep» o6pa30BaHO 1113 aHmllli1CKOi1 a66pee1rtaTYPbl 

CD, npeACTaBJ1S110ll.\ei1 nepeb1e 6yKBbl TepM1rtHa «KOMnaKT-AlrtCK». CpeA1rt no11b30BaTe11ei1 

3TOro BlrtAa npOAYKl..\Llllrt H91 9ALllHOrnaClrtSI B eonpoce 0 TOM, "!TO Cll9AY9T nOAP83yMeBaTb 

nOA nOHSITLll9M «KOMnaKT». HeKOTOpb19 CYlrtTalOT, "!TO 3TO OTHOCll'ITCSI K reOM9TPll'IY9CKll'IM 

pa3MepaM HOCll'IT911SI -AlrtCKa AlrtaMeTpOM B 12 CM lrt TOllll.\lrtHOi1eceroB1,2 MM. ,[l,pyrne 

OTHOCSIT 3TO onpeAelleH111e K n110THOCTlrt 3an1rtCll'I lrt 06beMy xpaH1rtMOi1 1rtH4>0pMal..\lrtll'I. 

,1J,11si 06bl"!HblX OAHOCTOPOHHll'IX 11'1 OAHOCJ10i1HblX KOMnaKT-AlrtCKOB OHa COCTaBllSl9T 

0,6 ... 0,65 rnra6ei1T (r6ai1T), a AllSI ABYCTOPOHHll'IX YeTb1pexc11oi1HblX AlrtCKOB (rnna 

DVD) - 9,4 r6ai1T. CKopee ecero, 1rt Te 11'1 Apyrne no-ceoeMy npaebl, TeM 6011ee, YTO 

OTA911bHble 4>1rtpMbl oceo1rt111rt 11'1 y>Ke Ha"!a111rt cep1rti1Hbli1 eblnycK n11ei1epoe, pa60Ta10ll.\ll'IX 

KaK OT 12-caHrnMeTpOBblX, TaK 11'1 OT caMblX HOBei1w1rtx 8-caHrnMeTpOBblX AlrtCKOB. 

CD-n11ei-lepbl - AST&rtll.\e s11eMeHTHoill 6a3bl Hoeei1wero noK011eHll'IS1. Vix C03AaH1rte 

OKa3a110Cb 6bl B006ll.\9 H9803MO>KHblM 6e3 HaJllrtYLllSI CllO>KH9i1Wll'IX MHOro4>yHKl..\1110Ha11b

HblX MLllKponpOl..\9CCOPOB lrt ClrtCT9MHblX KOHTpo1111epoe, a TaK>Ke MaJlOMOll.\HblX no11ynpo

BOAHlrtKOBblX OnTLllY9CKLllX 11a3epoe. 

np1rt Ka>Kyu.tei-lcsi BH9WHei1 npoCTOTe CD-n11ei1ep npeACTaBJ1Sl9T co6o~ CllO>KHei1wylO 

3119KTPOHHO-OnTLllKO-MexaHW·l9CKYIO CLllCT9MY BblCOKOi1, ec11111 He CKa3aTb - np91..\Lll3LllOH

HOi1 TOYHOCTll'I, onep1rtpy10u.tei1 c MexaHLllY9CKLllMLll nepeM9ll.\9HLllSIMlrt, Lll3M9pS19MblMll'I 
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MlrtKpOHaMlll, Ill aneKTp1rt'ieCKlllMlll ClllrHanaMlll, 'i8CTOTbl KOTOPblX BblAep>1<111ea10TCR c TO'i
HOCTblO AO nRTOro 3HaKa nocne aanRTOiil, a e PRAe yanoe - c TO'iHOCTblO AO c:J>aabl. 

no o6w,eiii 1rtAeonor1rt1rt npou.ecca nepeHoca ayA1rt01rtHcj>opMau.1r11r1 OT M1rtKpoc:J>oHa e 
CTYAlrtlll K asyK01rtany'iaTenio cnywaTenR CD-nneiilep cpOAHlrt o6bl'iHOiil rpaMaan1110111. 11'1 s 
TOM lrt B APYrOM cny'iae nepBlrt'iHbliil ClllrHan, COOTB0TCTBYIOW,lrtM o6pa30M npeo6paao
B8HHbliil e 'illlCTO MexaH111'ieCK1rte 111aMeHeH111R cTpyKTYPbl Hoc111TenR, nocneAoearenbHO 
«yKnSAbleaeTCR» BAOnb cn111panee111AHOiil aeyKoeoiil AOPO>KKlll Ha epaw,aiow,eMCR A1rtC1<e 
HOClllTenR. 

npou.eccb1, npo111cxOARw.111e np111 aan111c111 lllHcj>OpMau.111111 Ha AlllCK, 111 npou.ecc1;i1, npo111c
XOARW,111e np111 C'illlTblBaHllllll lllHcj>OpMau.111111, no cyw,ecTBY B38111M006panfbl (KaK 6bl sep
KanbHbl). BnpO'ieM, Ha 3TOM CXOACTBO rpaMnnaCTlllHKlll Ill KOMnaKT-AlllCKa Ill saKaH'illlB8-
eTCR. 

Ha rpaMnnaCTlllHKe e MexaH1rt'iecKoA aHanoroeoiil cj>opMe aan111cb1eaeTCR aneKTp"1-
'ieCKaff eepC"1R 8J<YCTlll'i0CKlllX KOne6aH111iii lrt B TaKOiii >Ke cj>opMe eocnpOlllSBOAlllTCSI 3neKT
pocj>oHOM. B CnY'iae c KOMnSKT-AlllCKOM aneKTplll'i0CKaR eepc111R lllCXOAHOiii ayAlllOlllH
cj>opMau.111111 ew,e AO aan111c111 Ha AlllCK npeo6paayeTcR e cno>1<Hel.'iw111iii no ceoeMy cocTaey 
u.111¢poeol.'i KOA, COAep>1<aw,111iil nOMlllMO co6cTeeHHO ayA1110111Hcj>opMau.111111 u.enb1iil PRA APY
rvix u.111¢poBblX KOAOB TaK HaSblBaeMoiil cnY>Ke6Hoiil lllHcj>OpMau.111111, np111sBaHHOiil o6ecne
'i111Tb pa6orncnoco6HocTb MHOro'i111cneHHblX pa6o'i111x yanoe CD-nneiilepa. Ill TOnbKO 
nocne 3Toro c<bopM111poeaHHbliii «KOMnneKCHbliii» cvirHan e u.111¢poeoiil cj>opMe aan111cb1ea
eTcR Ha pa60'iYIO noeepxHOCTb AlllCKa B BlllA0 'illlCTO MexaHlll'i0CKlllX 1113M0H0Hllliil pa6o'ieiii 
(Hecyw,el.'i 111Hcj>opMau.111io) noeepxHocT111 AlllCKa. 

np111 o6paTHOM npou.ecce «C'illlTblBaHlllR» lllHcj>OpMau.111111 B CD-nneiiiepe npOlllCXOAMT 
cno>1<Heiilw111iil npou.ecc paaAeneH111R ecero noToKa 111Hcj>opMau.111111 Ha «pa6o'iyl0» 111 •cny
>Ke6HYIO», nepepa6oTKa nonesHot'I 111Hcj>OpMau.111111 vis u.111cj>poeoiil cj>opMbl B aHanoroeyio 111 
TOJlbKO nocne 3TOro BOCCTaHoeneHHaR aneKTplll'i0CK8R eepClllR lllCXOAHOrO ClllrHana na
pep,aeTCSI Ha cTaHp,apTHbliil YHY Afls:I eocnpo111aeeAeH111s:i. 

To, 'iTO Mbl npO'inlll B AByx np0Ab1AYW.lllX a6sau.ax, Ha caMOM Aene He A80T HlllKBKOro 
npeACTaBJ10HlllR 0 cj>aKTlll'i0CKOiil cnO>KHOCTlll npeo6pa30BSHlllVI, npOlllCXOARW,1111< B peanb
HOM CD-nneiilepe. A nocKonbKY Mbl pew111n111 ecepbes nosHaKOMlllTbCSI co cxeMOTexH111-
Koiil 111 oco6eHHOCTRMlll KOHCTPYKu.111111 CD-nneiilepoe, Ha'iHeM c npocrnro nepe'i111cneH111s:i 
ero OCHOBHblX ysnoe Ill I/IX cj>yHKU.lllOHBnbHOro Ha3H8'i0HlllR. 

AnR HS'iana TO, 'iTO nonpow,e, a lllM0HHO: K8Klll0 cj>yHKU.111111 B OTnlll'il/10 OT npo111rpb188-
TenR o6bl'iHblX rpaMnnacTlllHOK 06ecne'i111eaeT CD-nneiilep, 111cno11b3YR c111rHanb1 OAHOiii 
TOJlbKO C11Y>Ke6Hoiil lllHcj>OpMau.111111. 

1. 0AHOBP0M0HHYIO sarpysKy H0CKOJ1bKlllX KOMnaKT-AlllCKOB, eocnpo111sBeA0Hllle KO
TOPblX B03MO>KHO B Jll060iil nocneAOBaTenbHOCTlll c nOMOW,blO KOMaHA c nynbTS ynpae
J10HlllR 11111111 SBTOMaTlll'i0CKlll no aapaHee BBeAeHHOiil nporpaMMe. 

2. BOSMO>KHOCTb pa60Tbl c AlllCK8Mlll pa3HblX AlllaMeTpoe (12 11111111 8 CM). 
3. Bb1eeAeH111e Ha A111cn11eiil ornaeneHVJR AlllCKa e npou.ecce ero sarpysK111. 
4. 8blB0A0Hlll0 Ha AlllCnneiil lllHcj>OpMau.111111 0 nopRAKOBOM HOMepe aan111c111 Ha AlrtCKe 

111 AJ1111T0JlbHOCTlll 3BY'i8HlllR, 
5. AeT0MaT111'ieCKoe Ha'iano eocnpo111aeeAeH111R cpaay nocne aarpyaK111. 
6. EiblCTpbliii nOlllCK HY>KHOl.'i cj>OHOrpaMMbl B ycKOpeHHOM pe>K111Me enepeA Ill Hasa.o,. 
7. Bocnpo111seeAeH111e cj>oHorpaMM e 11io60V. nocneAoBaTenbHOCTlll. 
8. BosMo>KHOCTb MHoroKpaTHoro noernpa OAHOiil cj>oHorpaMMbl. 
9.npeABapviTenbHOe nporpaMMlllPOB8Hlll0 nocneAOBaTenbHOCTlll eocnpo111a-

B0A0HlllR OTAenbHblX cj>oHorpaMM. 
10. Ha11111'i111e BCTpoeHHoiil c111cTeMb1 aeT0MaT111'iecKoro caMOKOHTponR 111 T8CT111po

eaH111R ocHoBHblX yanoe CD-nneiilepa c Bb1Aa'ie'1 pesynbTaTOB npoeepK111 e cj>opMe 4111<1>
po6yKeeHHblX KOAOB Ha co6CTB0HHbl'1 AlllCnnei-1. 
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3HaKOMRCb C 3TlllM OTHIOAb He lrtCL!epnblBalOW.lllM CnlrtCKOM, Ha,D,O RCHO npeACTaB

JlRTb, KaK1rte cxeMHble lrt KOHCTPYKTlrtBHble Y311bl lrt AeTaJllrt CTORT aa Ka)l(AblM lrt3 3TlrtX nyHK

TOB. Me)l(Ay TeM nOMlrtMO YlrtCTO «CepBlrtCHblX» <l>YHKL\lrtVI, nepeYlrtCJleHHblX BblWe, c11y

>Ke6HaR 1rtH<t>opMal..\1rtR «PYKOBOAlrtT» MexaH1rtYeCKlrtM ynpas11eH1rteM CYlrtTb1Ba10w.eV. 11aaep

HOVI rQJlOBKlrt, BKJllOYalOW,lrtM B ce6R nOCTORHHOe cne>KeH1rte aa paaMepOM lrt ct>opMOVI 

cseTosoro nyYKa Ha nosepxHOCTlrt pa6oYero c110R AlrtCKa 1rt era ct>oKYc1rtpoBKOVI, YAep>Ka

H1rteM CBeTOBOro nyYKa Ha 1rtH$OpMal..\1rtOHHOVI AOPO>KKe, pa,o.1rtanbHblM nepeMew,eHlrt0M 

rOJlOBKlrt no Mepe spaw.eHlrtR AlrtCKa Ill T. n. 

A ew.e CJ1y>Ke6HaR 1rtH$OpMal..\1rtSI He AaeT CYlrtTblBalOw.eV. ronoBKe COCKOYlrtTb co CYlll

TblBaeMOVI AOPO>KK1rt np1rt cnyYaVIHblX cOTpRceH1rtRX 1rt YAapax, a e>Ke111rt TaKoe cnyYaeTCSI, 

TO HeMeA11eHHO B03Bpaw.aeT ronOBKy Ha npe>KHee MeCTO, He AOnycKaR nplrt 3TOM n0Te

p1rt Aa>Ke Hlr1YTO>KHOVI YacT1rt 1rtH$OpMal..\1rt1rt. VI 3TO, nosTop1rtMCR, TOnbKO peaynbTaTbl «pa-

6oTbl» ClrtrHanoB BCnOMOraTeJlbHOVI, CJ1y>Ke6HOVI 1rtH$OpMau,1rt1rt. 

l.fTO >Ke KacaeTCR nocneAOBaTenbHOCTlrt npou,eccoB ot5pat50TKlrt OCHOBHOVI ayAlrtOlrtH-

ct>opMal..\lr11r1, OHa B AOCTaTOYHO COKpaw.eHHOM sap111aHTe nplrtBOAlrtTCR Hlrt>Ke. 

1. CY1rtTb1BaH1rte 1rtH<t>opMal..\1rt1rt c AlllCKa OnT1rtYecKoVI naaepHoVI ronoBKOVI. 

2. npeo6pa30BaH1rte MOAYl11rtpoBaHHOro OnTlrtYeCKOrO ClrtrHana B 3!1eKTplrtY0CKlrtVI. 

3. Yc1r111eH1rte, nepB1rtYHaR o6pa6oTKa, $1rt11bTpau,1rtR c1rtrHana 1rt <1>opM1rtposaH1rte npR-

Moyro11bHb1x 1rtMny11bCOB. 

4. Bb1Ae11eH1rte c1rtHxpo1rtMnynbCoB 1r1a o6w.eV. CMec1r1 c1rtrHanos. 

5. ,[l,eMOAYJlRLl,lrtR ClrtrHana. 

6. BOCCTaHOBJ10Hlrt0 lrtCKYCCTB0HHO SB0A0HHOro nplrt aan1rtc1rt HapyweHlrtSI nocneAO

BaTeJlbHOCTlrt aan1rtCblBaeMblX 6aVITOB 1rtH$OpMaU,1rtlrt (TaK Ha3blBaeMoro nepeMe>Ke

HlrtR) - AenepeMe>KeH1rte 6aVITOB. 

7. ,[l,eKOA1rtposaH1rte 1rtH$opMau,1r11r1 np1rt noMOW.1rt nepeKpecTHoro KOHTpo11si TaK Haab1-

saeMoVI lr136blTOYHOCTlrt - cneu,1rtaJ1bHO BBOAlrtMblX B npo1.4ecce aanlrtClll BCnOMoraTeJlb

HblX 3J10M0HTOB 1rtH$OpMal..\lr1lrt. 

8. VIHTepn011Rl..\lrtR lrt KOppeKU,lrtR B03HlrtKalOW.lrtX ow1rtt50K. 

9. U.1rtct>posaR <1>1rt11bTpa1..11r1si c1rtrHana. 

10. ,[l,eMyl1bT1rtn11eKC\llpOBaH1rte ClrtrHana. 

11. 06paTHoe l..\1rtct>po-aHanorosoe npeo6paaosaH111e c1rtrHana. 

12. 06pa60TKa lrt $1r1!1bTpal..\lrtR aHanorosoro ClrtrHana OT OCTaTKOB l..\&rt<l>POBOVI 1rtH<t>op

Mau,1111rt. 

13. nepeAaYa rOTOBOrO ClrtrHana B TpaKT 3BYKOBOCnp01rt3B0A0HlrtR. 

VI 3AeCb, KaK lrt B C!lyYae co C!ly>K06HOVI 1rtH$OpMal..\1rteV., aa Ka)l(AblM nyHKTOM np1rtBe

,o.eHHOro nepeYHR CKpblBaeTCR u,e11b1VI KOMn!leKC 3J10KTplrtY0CKlrtX aKTlrtBHblX Ill naCClllBHblX 

npeo6paaosaTeneV. 111 «nepepa6oTYlllKOB» c111rHana, pean1r1aosaHHblX B MHoroct>yHKu,1110-

Ha!lbHblX npOL\0CCOpax Ill KOHTpo1111epax, A0KOAlllPYIOW.111X MlllKpoct5opKax, AlllOAHblX MaT

p111u,ax 111 T. n. 

B CD-n11eV.epax paaHblX ct>111pM ocHoBy 311eKTp111YecKoVI YaCTlll cocTaB11RIOT, KaK npa

s111110, OT Tpex AO nRTlll MlllKpocxeM BblCOKOVI CTeneHlll lllHTerpau,111111. np111 3TOM yaw.e sce

ro Ha OCHOBHOVI n11aTe pacno11ara10TCR MlllKpocxeMbl npou,eccopa cepBOClllrHaJlOB, 

06ecneY111BalOW,li1X n031r1l..\lllOHlr1POBaH1r1e lr1 nepeMew,eHllle 11aaepHOH CYlllTblBalOw.eV. ro

J10BKlr1, l..\lr1$POBOro Clr1rHanbHOro npou,eccopa lr1 6blCTPOA0ViCTBYIOW.111e yc1r1111r1Te11111 MOW.

HOCTlll AJlR ynpas11eHlr1R np1r1BOAaM1r1 3J10KTPOABlr1raTe11eV. lr1 co11eHOlr1AaMlll <1>0Kyc111poBKlr1 

1r1 TpeK111Hra. 

3AeCb, B03MO>KHO, 6yAeT yMeCTHblM nORCHlllTb, YTO noA TepMlr1HOM «Tp0Klr1Hr» (a 60-

11ee TOYHO - pa,o.1r1a!lbHblH TpeK1r1Hr) nOHlr1MaeTCR npOL\eCC c11e:>KeHlr1R aa ABlr1>KeH1r1eM 

c<1>0KYc1r1posaHHoro 11aaepHoro nyYKa no 1r1Hct>opMal..\lr10HHOVI AOPO>KKe KOMnaKT-Alr1CKa. 

B OTJ1111Yllle OT ayA1r1on11eV.epa CD-n11eV.epb1 AOBO!lbHO peAKO 111cno11b3YIOTCR KaK ocHO

Clr1Mble», npeAYCMaTp111saiow.1r1e n1r1TaH1r1e OT ranbBaHlllYeCKlllX 3!1eMeHTOB lr1 pa60Ta10w.1r1e 

Ha rOJlOBHble Tene$0Hbl. ropa3AO Yaw,e CD-n11eV.epbl BXOART B COCTSB BblCOKOKJlaCCHblX 
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pa,D,lllOKOMnneKCOB, MY3blK8nbHblX ~eHTPOB, 8BTOMarHlllT011 11111111 pean1113ylOTCR B 8111A9 

CaMOCTORTellbHOrO npo111rpb1BaTe11R 11a3epHblX AlllCKOB c n111TaH111eM OT Clll110BOH CeTlll. 

OT'laCTlll 3TO o6'bRCHReTCR TeM, 'ITO nopTITlllBHble «HOClllMble» CD-n11et1epb1 (K np111-

Mepy, MOAellb SL-SX500 <1>111pMbl Panasonic) np111 n01193HOH BblXOAHOH MOll.\HOCTlll Haro-

110BHblX Te11ect>0Hax B H9CK011bKO Mlll11111118011bT Tpe6ylOT AJ1R ceoe.:l pa60Tbl lllCTO'IHlllK n111-

TaHl/IR c HanpR)f(eH111eM He Hlll)f(e 4,5 B 111 np111 STOM n0Tpe611R10T MOll.\HOCTb nopRAKa 6 BT. 

KpoMe Toro, npocTO HepeHTa!5911bHO lllCn011b30BaTb TaKYIO C/10)f(Hyl0, Bb1COKOl<J18CCHYIO 

111 cpaeH111Te11bHO AOporyio TexHlllKY AJlR cnywaH111R MY3blKlll «Ha XOAY.. 11111111 CTOR e nepe
no11HeHHOM earoHe MeTpo. 

l.fT06b1 YTO'IHlllTb, 'ITO noApa3yMeeaeTcR noA TepMlllHOM «BblCOK01<11accHaR», AOCTa

TO'IHO np111eecT111 ASHHble s11eKTp111YecKoro TpaKTa aeTOM0611111bHoro CD-n11e.:lepa CDX

P620S <1>111pMbl Pioneer: 

A111ana30H eocnpOlll3BOAlllMblX 'laCTOT, r~ ................................ . 
A111HaM111'leCK111lil A111anaaoH, A6 ••••••••••••••••••.••.•.•••••••.•••••••••• 
OTHoweH111e c111rHan/wyM, A6 •••••••••••••••••••••.••••••••••••••••••••• 
Koacpcp111~111eHT rapMOHlllK, % ....•..............•.......•................ 
CTeneHb Pa3AeneH111A CTepeoKaHanoe, A6 ••••••••••••••••.•••••••••••••.• 
Koacpcp111~111eHT AeT0Ha~111111 ••••••••••••••••••••••••••••••••••••••••.•••• 

5 ... 20000 
90 
92 

0,005 
75 

H11i:lKe npeAenoe 
eocnp111srr111A 

He COMHeBSIOCb, 'ITO $11131/l'leCKlllH CMblC11 KS>KAOro 1113 np111eeAeHHblX napaMeTpoe 

Te6e nOHS'ITeH, noCKOnbKY see 3TO Mbl y)f(e npOXOAlll/1111. 

Ha1116011ee xapaKTepHo.:l 111 cne~111ct>111YH0.:l coCTaeHo.:l 'ISCTblO CD-n11et1epoe, pe3KO 

OT/llll'lalOll,\e.:l 3TOT BlllA SPA OT ecex OCT8nbHblX BlllAOB, 6e3yCJ10BHO RBJlReTCR y3en no-

11ynpOBOAHlllKOBOro C'llllTblBalOll.\ero 11a3epa. He 111MeR B03MO)f(HOCTlll A9TallbHO 111 noA

po6Ho paccMOTP8Tb pa60TY 3TOro MexaH1113Ma, ece )f(e nonpo6yeM CAellaTb 3TO XOTR 

6bl B 06ll.\lllX 'lepTax. 

0AHaKo AJ1R noH111MaH111R ct>1113111K111 ero pa60Tbl 111 CYll.\HOCT111 caMoro npo~ecca C'llllTbl

eaH111R lllH$OpMa~111111 coeepweHHO He06XOAlllMO XOTR 6bl B AByx CllOBax n03HaKOMlllTbCR 

KaK c lllAeeU! HaHeCeHlllR 111H<l>OPM8~111111 Ha AlllCK, TaK Ill c KOHCTPYK~llleti (11111111 TO'IHee 

CTpYKTYPOH) caMoro KOMnaKT-AlllCK8. 

B Ha1116011ee npocTOM eap111aHTe (OAHOC/lOHHaR OAHOCTOPOHHRR 38n111Cb) KOMnaKT

AlllCK npeACTaBllReT co6ot1 KpyrnylO nnaCTlllHY AlllaMeTpOM 12 CM, TOllll.\lllHOH 1,2 MM 

c ~eHTPOBblM OTeepCTllleM AlllaMeTpOM 15 MM AJ1R ycTaHOBKlll Ha AlllCKOBOA n11e.:lepa. 

BoKpyr sToro ~eHTpoeoro OTeepcTlllR 111MeeTcR He6011bwas:i «MepTBaR 30Ha» w111p111Ho~ 

B 9 MM AJlR nplll)f(lllMa AlllCKa K AlllCKOBOAY· B OTJ1111'11119 OT rpaMnllaCTlllHKlll 3an111Cb Ill BOC

npOlll3BeAeH111e lllH$OpMa~111111 Ha'llllHalOTCR OT ~eHTpa AlllCKa Ill 3aKaH'llllBalOTCR Ha ero 

nep111ct>ep111111. Pa6o'laR 'ISCTb AlllCKa orpaHlll'leHa 1113HYTPlll 111 cHapy)f(111 TaK Ha3b1eaeMb1M111 

30HaMlll BBOAHO.:l (w111p111Ha 4 MM) Ill BblBOAHO~ (w111p111Ha 1 MM) AOPO)f(eK. 

Co6CTBeHHO HOC111Te11eM lllH$OpMa~111111 Clly)l(lllT lllCl<JllO'llllTellbHO TOHKlll~ MeT8n11111'1e

CKlll~ (KaK npae111110, MIOMlllHllleBbl.:l) ceeTOOTpa)f(SIOll.\111~ C/10.:l, B KOTOPOM B npo~ecce 
3an111c111 3an111cb1ea10ll.\lllH 11a3ep Bbl)f(111raeT Kpyrnble oraepcT111R, AlllaMeTp KOTOpb1x paeeH 

AlllaMeTPY C$OKyc111poeaHHOrO 11Y'l8 - np1116111113111TellbHO 0,8 MlllKPOH (MKM). r11y6111Ha OT

eepCTlll~ COCT8B11ReT OK0/10 0, 13 MKM. 

Ho nocKOllbKY e npo~ecce 3an111c111 AlllCK HenpepbleHo epall,\8eTCR, Bb1)1(111raeMb1e 11a-

3epHblM llyYOM OTBepCTlllR 1113 KpyrnblX npeepall,\8IOTCR B 311/llllnTl/l'leCKllle, a B npoMe)f(YT

Kax Me)f(Ay ABYMR COCeAHlllMlll lllMnyJlbCaMlll 11a3epa noeepxHOCTb OTpa)f(SIOll,\ero C110R 
OCTaeTCR Henoepe)f(AeHHOH. 

no nplllHRTOH TepMlllHOllOrllllll npO)f()f(eHHble 11a3epOM 311111/lnCbl Ha3blBalOT n111TaM111, 

a Henoepe)f(AeHHb1e 111 noTOMY oTpa)f(aJOll.\llle C'llllTblBalOll.\111~ 11a3epHblH 11y'I y'laCTKlll Me)f(

AY ABYMR coceAH111M111 n111TaM111 - <1>11sTaM111. 

CMeHRIOll.\llle APYr Apyra n111Tbl 111 <1>11sTb1 pacno11ara10TCR APYr 3a APYfOM BAO/lb cn111-
panbHblX KaHaBOK, COCTSB/lS'llOll.\lllX lllH$OpM8~1110HHOe none KOMnaKT-AlllCKS. CxeMaTlll-
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YeCKlllH Y0pTe:>K CTaHAaPTHOrO KOMnaKT-AlllCKa Ill ero TOpt.teBOH pa3pe3 noKa3aHbl Ha 

p111c. 82. 
B CD-nneHepe npo111cxoA111T cneAYIOLL\ee: nocne ycTaHOBKlll CYlllTb1ea10LL\ero 11a3epa 

TOYHO HaA HaYaJlOM BBOAHOH AOPO:>KKlll (3TOT npo1..1ecc HaSblBaeTCR HaYaJlbHblM no3111-

l.llllOHlllPOB8Hlll0M naaepa) Ill HaYaJlOM epaLL\eHlllR AlllCKa naAalOLL\lllH Ha nnaCTlllHY ccpo

Kyc111poeaHHb1'1 na3epHbl'1 nyy OTpa:>KaeTCR OT cpn3TOB Ill He OTpa>KaeTCR OT n111TOB. B pe-

3YJlbT8Te OTpa>KeHHb1'1 OT AlllCKa JlYY OK83blBaetCR npoMOAYlllllPOBaHHblM no lllHTeHClllB

HOCTlll lllMnyJlbCHblM ClllfH8JlOM, HeCYLL\lllM TOYHYIO lllHcpopMal.lllllO 0 COOTHOWeHll'lll'I AJllllH 

COCeAHlllX n111TOB Ill cpn3TOB, a lllMeHHO B 3TlllX COOTHOWeHlllRX Ill 38KJllOYeHa no11HaR ll'IH

cpopMal.llllR B 1..1111cppOBOH cpopMe. 

Best ASllbHeHwasi 111HcpopMa1..1111si nocrynaeT Ha o6pa60TKY e 3110KTPOHHYIO YBCTO CD

nne'1epa, a 1113 3JleKTPOHH0'1 'i8CTlll COOTBeTCTBYIOLL\aR CJ1Y:>Ke6Ha" lllHcp0pM8l.llllR nocTy

naeT HB YY8CTKlll cxeMbl, Y3Jlbl Ill 6nOKlll, OTBeYalOLL\ll'le 3a COCTORHllle cpoi<yc111pOBKlll na-

3epHoro nyYa, 06ecneYeH111e npae11111bHoro TpeK111Hra 111 TeKyLL\ero no31111..11110H111poeaH111R 

caMoro na3epa. 
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P1-1c. 82. CxeMaTw1ecKoe ycTpoi.'icTeo KOMnaKT-Al-'ICKa 

Oco6o cneAyeT cKa3aTb o MexaHlll3Me epaLL\eH111R KOMnaKT-AMCKa. Ec11111 e c111cTeMe 

rpaM3an111c111 CKOPOCTb spaLL\eHlllR AlllCKa OCTaeTCR He11'13MeHHO~. a J1111He'1HaSI CKOpOCTb 

npoxo:>KAeH111S1 AOPO>KKlll noA 111rnoH 3BYKOcH111MaTe11si, Hanporne, HenpepblBHO 1113MeHS1-

eTCA, YM8HbW8SICb OT H8Ya118 nnaCTlllHKlll K ee KOHL.IY. YTO, KCTaTM roeopsi, npaKTlllYeCKlll 

HlllKaK He oTpa>KaeTcsi Ha napaMeTpax socnpo1113BeAeH111si 3an111c111, TO e CD-nne'1epe 

KaprnHa npsiMo nporneonono>KHasi. 

nocKOJlbKY cne1..1111cpHKe 1..1111cppOBOH 3an111c111-eocnpo1113BeA0HlllSI npeAnO'iTlllTeJlbHeH 

Helll3MeHHaSI CKOPOCTb CMeHbl 3JleMeHTOB lllHcpopMal..1111111 (nlllTOB Ill cp113TOB), nplllXOAlllTCR 

ASJlaTb nepeMeHH0'1 CKOPOCTb epaLL\eHlllSI KOMnaKT-AlllCKa. 3Ty pa6oTy 6epyT Ha ce6si 

npo1..1eccop 111 KOHTponnep oco6oH c111cTeMbl ynpae11eH111R AB111raTe11eM AlllCKOBOAa. 3Ta 
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:>1<e c1rteTeMa ynpasm1eT spa111eH1rteM 1rt pesepe1rtposaH1rteM AB1rtraTensi np1rt 1r1enonHeH1rt1rt 
KOMaHA no1rtcKa 1rt rpynn1r1posaH1rtsi no 3aAaHHo£'i nporpaMMe noeneA0BaTenbHOeT1rt 
soenpo1rt3BeAeH1rtSI, a TaK:>Ke Bb160pKe OTAenbHblX MY3b1KanbHblX aan1rteeil. 

Bee 3To paenpeKpaeHo 1rt aaMe"laTenbHO, HO KYM :>1<e aa seeM1rt 3T1rtM1rt n1rtTBM1rt, cpn3-
TaMlrt, npou,eeeopaM1rt, KOHTponnepaM1rt 1rt npo"l1rtM1rt TpeK1rtHraM1rt Aesanacb caMa asyKo
sasi 1rtHcpOpMaU,1rtSI? fAe, B KOHU,e KOHU,OB, enosa lrt MY3b1Ka? 

A HlrtKYAa OHa He A0Banacb. 0Ha He3plrtMO np1rteYTeTByeT B 3TOM eno>KHe£'iweM noTO
Ke u,1rtcpposo£'i 1rtHcpOpMaU,1rtlrt B B&rtAe OAHOro lrt3 1rtHcpopMaU,1rtOHHblX 6noKOB lrt npecnoKo£'i
HO AO:>KlrtABeTeSI CBOe£'i O"lepep,1rt, KOrM OTA0nbHaSI MlrtKpoexeMa c noMOll.\lolO U,1rtcppoaHa
norosoro npeo6paaosaTem1 (L\An) OCY111eeTBvtT o6paTHoe npeo6paaosaH1rte HeCKOH"la
eMoro nOTOKa u,1rtcf>p B np1rtBbl"IHble Af1S1 Hae c T06o£'i ClrtHYCOlrtAbl, KOTOpble 3aTeM 6YAYT 
o6pa6oTaHbl B caMoM o6blKHOBeHHOM YHLI 1rt socnpo1r1aseAeHb1 B B1rtAe ssyKOB "lepea 
aKyCTlrt"l00Klrte OlrtCT0Mbl, 0 KOTOpblx Mbl OTAeflbHO norOBOPlrtM HS BTOPOM YPOK8 nocne 
He6onbworo nepepblsa. 

LITO :>1<e KacaeTesi 6onee noApo6Horo 3HaKoMeTBa e MexaH1rt3MOM TaKoro npeo6pa
aosaH1rtsi, TO Mbl eMO:>KeM BePHYTbCSI K STOMY He paHbWe, "10M n03HBKOMlrtMCSI c 061111rtM 
np1rtHu,vinoM u,1r1$poso£'i o6pa6oTKVI 1rtHcpopMau,1r1111. A 3TO e111e enepeAlrt. 

YpoK 2. KOE_r·lTO 015 3flEKTPOAKYCTMKE 
3neKTpoaKyeT1rtKa KaK HeoTbeMneMasi "laeTb PaAlllOBell!aHlrtSI sisnsieTesi AOBOnbHO ea

MOCTOsiTenbHO£'i lrt cneu,1rtcp1rt"IHO£'i o6naCTblO, 3aH1rtMaio111e£'i MeCTO nocpeA1rtHe Me:>KAy 
«L11rteT0£'i» aKyeTlllKO£'i (KaK paaAenoM cp1rt31rtK1rt) 1rt PaA1rto3neKTpoH1rtK0£'i. 3TO np1rtBOA1rtT 
K TOMy, "ITO 3neKTpOBKYCTlrtKa onep1rtpyeT nOHSITlrtSIMlrt lrt 0AlrtH1rtU,aM1rt lrt3MepeHlrtSI, np1rtey
ll!lrtMlrt TOflbKO e£'i, n03TOMY AllSI yeneWHOro noH1rtMaH1rtSI AaflbHe£'iwero lrt3nO:>K0HlrtSI eo
sepweHHO He06XOAlrtMO c 3TlrtMlrt nOHSITlrtSIMlrt n03HaKOMlllTbCSI, "IT06bl 1rteKn10"llrtTb eeebMa 
pacnpoeTpaHeHHYIO nYTaH1rtu,y B TepM111Honorn111. 

rpoMKorosop111Tenb (111n1r1 aKYeT1rtL1ecKasi c1rtcTeMa) - AC. 
3TO OTHIOAb He TO, "ITO Ha PaAlllO>KaproHe Ha3blBalOT «AlrtHQMlllKOM». 3TO - nacc1rtB

Hbl£'i 3neKTpOaKYeTlll"leeK111£'i npeo6pa30BaTenb, npeAHa3Ha"l0HHbl£'i AllSI lrt3ny"l0HlrtSI 3ByKa 
B OKPY>K810ll!ee npoeTpaHCTBO. 

rpoMKOrQBOplrtT0nb (1rtn111 AC) o6siaaTenbHO COAep:>KlrtT OAHY 111n111H0eKOflbKO1113ny"lal0-
11!1rtX ronoBOK (3TO KaK pa3 Ill eeTb :>1<aprOHHbl£'i «AlllHaMlrtK»), KOpnye (1rtn1rt ct>YTnRp), a TBK
:>Ke (Heo6siaaTenbHO) eneu,1r1anbHble KOHCTPYKU,lrtOHHble MaTep1rtanbl lrt 3neMeHTbl, npeA
HB3Ha"leHHble Af1SI ynyL1weH1rtsi Ka"leeTBa asyL1aH1rtS1. B aas1r1e1rtMoeT1rt OT KOHeTpyKu,1rt111 
ct>YTnsipa 1rt Han1rt"l1rtS1 senoMoraTenbHblX 3neMeHTOB see rpoMKorosop1rtTen1r1 1rt AC AensiT
esi Ha "leTblpe KaTerop1r1111: OTKPblTOro Tlrtna; 3aKpblTOro T1rtna (1rtn1rt KOMnpeCClrtOHHble); 
e cpaao1rtHBepTOpaM111; c naec111BHblM 1rtanYL1aTeneM. 

ronosKa rpoMKorosop1rtTensi npep,cTasnsieT eo6o£'i 3neKTpoMarH1rtTHO-MexaH111L1ecK1rt£'i 
np1r16op, npeo6paayio1111r1£'i "llrtCTO 3neKTp1rt"leeK1rte Kone6aH1rtS1 «3BYKOBoro A1rtanaa0Ha» 
B "llrteTO M0XQH1rt"leeK1rte Kone6aH1rtSI B03AYWHO£'i epeAbl - 3BYKOBble BOflHbl. LIT06bl 6blT!) 
a6eonlOTHO TO"IHblM, HaAO A06aBlrtTb, "ITO nOMlrtMO 3neKTpOMarH1rtTHblX ronoBOK cy111e
ersy10T 1rt APYrllle T1rtnbl npeo6paaosaTene£'i: KOHAeHeaTOpHble, nbe3o3neKTp1rt"leCK1rte, 
3neKrpoeTaT1rt"leeK1rte <i:aK Ha3blBaeMble 6nanxanepbl), OAHBKO B eeroAHSIWHe£'i 5PA 
Maeeosoro nonbaosaH1rtsi OH1rt BeTpeL1a10Tesi Kpa£'iHe peAKO. 

no enoco6y 06paaoBaH1rtSI 3ByKOBblX BOnH np1rtHSITO noApaSAenSITb ronOBKlrt rpOMKO
rosop1rtrene£'i Ha A1rtct>cf>yaopHb1e 1rt MeM6paHHo-pynopHb1e, OAHaKo noeneAH1rte B Maeeo
so£'i 5PA npaKT1rt"leeK1rt He 1rtenonb3YIOTesi: lrtX OCHOBHOe HB3Ha"leH1rte - 03By"l1rtBaH1rte 
6onbWlllX OTKpblTblX npoeTpaHeTB (nno111aAe£'i, eTaAlllOHOB Ill T. n.) 
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"ITO KacaeTCR np111MeHReMblX B 6PA A111<l><l>Y30PHblX ronoeoK, TO B 3aBlllClllMOCTlll 
OT Alllana30Ha eocnpolll3BOAll'IMblX LfaCTOT ll'IX npll'IHRTO paSAenRTb Ha Hlll3KOLfaCTOTHble 
(OT 25 ... 30 n.1, AO 2 ... 4 Kfl.\), CP0AHeLfaCTOTHble (OT 200 ru. AO 5 ... 8 Kru,), BblCOKOLfaCTOT
Hble (OT 3 AO 30 Kru,) Ill WlllpOKOnOnOCHble (OT 30 ... 40 ru.AO 16 ... 20 Kru,). 

B at5conlOTHOM 60nbWll'IHCTBe MOHOcl>OHlllLfeCKOH 6PA HaCTOJlbHOrO Ill nepeHOCHOro 
Tl/Ina ceroAHSI np111MeHReTCs:I OAHa 111n111 ABe WlllpOKOnonocHbl0 ronOBKlll sneKTpOMarHlllT
HOro Tlllna. B HeKOTOPblX 6onee AOPOrll'IX MOAenRX OHll'I AOnOnHRIOTCs:I Manora6ap111THbl
Mlll BblCOKOLfaCTOTHblMlll ronoeKaMlll He6onbWOH MOW.HOCTll'I, KOTOpble HepeAKO pa3Me
UJ,alOT Ha cneu,111anbHOM KPOHWTe'1He HenOCP0ACTBeHHO nepeA Alllcl>cl>yaopoM OCHOBHO
ro w111poKononocHoro 11'13nyYaTens:i. 

B cTepeocpoH111L1ecKo~ annapaTYpe Knacca Hi-Fi (Hi-END) e KaLfeCTee 1113nyL1aTene'1 
3ByKa, K8K npae111no, np111MeHs:llOTCs:I AB0 KOHCOnbHble aKYCTlllLfeCKll'le Cll'ICTeMbl, COAep>Ka
w.111e Ka>K,D,as:i OT 2 AO 6 (111 6onee) ronoeoK c pa3Ho~ nonocol'i nponycKaHlllR, a TalOKe TaK 
H83b1eaeMble nacc111eHble 111anyL1aTen111, o KOTOpb1X Mbl noroeop111M LIYTb no3>Ke. 

0AH8 1113 pa3HOBlllAHOCTe'1 CTepeocpOHlllll'I - KB8APO<l>OHll'ls:I Tpe6yeT Hanll'ILfll'ls:I He 
AByx, a L1eTb1pex pa3HeceHHblX e npocTpaHCTBe AC. 

Jlio6ot1 rpOMKoroeop111Tenb (AC) xapaKTeplll3YeTCR, K8K Mll'IHll'IMyM, weCTblO OCHOBHbl
Mlll nOK838Tens:iMlll, c KOTOpblMll'I ll'IMeeT CMblCJl n03H8KOMll'ITbCR nOAP06Hee. 

noA 'IYBCTBHTenbHOCTblO sneKTpoaKyCTll'ILfeCKOrO npeo6pa30B8Tens:i nOHll'IM8IOT ee
nlllLflllHY peanbHOro 3ByKoeoro ABBneHlllR, KOTOpoe OH C03A8eT B T0LfK0 Ha pacCTORHlllll'I 
1 M no OClll 1113nyLfeHllls:I np111 nOABeAeHllllll K ero 3neKTp111LfeCKOMy BXOAY nepeMeHHOrO Ha
npR>KeHllls:I 3ByKoeo'1 LfBCTOTbl een111L1111Ho~ 1 B. 

"13 3Toro onpeAeneHl/ls:I BblTeKaeT, LfTO LfYBCTBll'ITenbHOCTb rpOMKOroeop111TenR (AC) 
He CBs:l38H8 c Lf8CTOTOH nOABOAlllMOrO c111rHana, a n03TOMY Ans:! pa3HblX LfaCTOT MO>KeT 
lllMeTb pa3Hble 3H8LfeHl/ls:I. 3TO noaeons:ieT, 11'13MeHRR Lf8CTOTY Cll'lrHana, nOCTpOlllTb Kplll
BYIO 38Bll'IClllMOCTll'I peanbHOro 3BYKOBOro ASBneHll'ls:I OT Lf8CT0Tbl Cll'lrHana 111n111, ll'IH8Lfe, Lf8-
CTOTHYIO xapaKTeplllCTlllKY 3BYKOBOrO AaeneHlllR (OTAaLflll). -

Haps:iAy c 3TlllM napaMeTpoM cyw.ecTeyeT noHRTl!'le CT8HA8PTHOe aeyKoeoe AaeneH111e 
(C3A). 0Tn111Lf8IOW.eecs:i TeM, LfTO KO BXOAY rpOMKOroeop111Tens:i nOABOASIT 3BYKOBOH Clllr
Han He 1 B, a een111L1111Ho'1 0, 1 BT, LfTO 111cKn10L1aeT aae111c111MoCTb napaMeTpa OT een111L1111Hbl 
nonHoro conporneneH111s:i (lllMneAaHca) rpoMKoroeop111Tens:i. B KaLfeCTee eap111aHTa C3A 
AOKYMeHTBMll'I M3K (Me>KAyHapOAHas:i sneKTpoTexH111L1ecKas:i KOM111cc111R) AOnycKaeTcs:i 
npo1113BOA111Tb 1113MepeH111e np111 nOABeAeHlllll'I K rpoMKOroeop111Ten10 sneKTPll'ILfeCKOH MOW.
HOCTlll He 0, 1 BT, a 1,0 BT, LfTO 6b1eaeT Heo6xOAlllMO np111 111cnblT8Hll'lll'I MOW.HblX AC. LfT06b1 
pa3n111L18Tb Me>KAY co6o'1 srn ABa cnoco6a 111cnblTaH111'1, napaMeTp, onpeAens:ieMblH 
no M0TOA111Ke M3K, Haab1eaioT e 0Tn111L1111e OT C3A xapaKTep111cT111L1ecK0'1 LIYBCTB111Tenb
HOCTb10 (XY). Bee 3Tlll TPlll napaMeTpa ou,eHlllBalOTCs:I B cneu,111anbHblX «8KYCTlllLfeCKlllX» 
eAlllHlllU,8X 1113MepeHllls:I - na (nacKanb). 

CTeneHb w111poKono11ocHocrn rpoMKoroeop111Tens:i (AC) xapaKTep111ayeT Apyro'1 noKa-
3aTe11b - ti111ana30H socnpo1113soti111MblX 'IBCTOT. Ou,eHKa no 3TOMY napaMeTpy npo1113eo
A11tTcs:i nyTeM aHan1113a peanbH0'1 xapaKTep111cT111K111-C3A 11111111 XL! rpoMKoroeop111Te11s:i, a He 
nps:!MblM 1113MepeHllleM, Ill np111 3TOM pe3ynbTaT OU,~':'Klll Hanps:iMylO aaBlllClllT OT nplllHs:ITOro 
(11111111 ycTaHOBlleHHOro CTBHAapTOM) Apyroro Ba>KHe'1wero nOK83aTe11s:i - HepaBHOMep
HOCTlll LfaCTOTHOH xapaKTeplllCTlllKlll B npeAe11ax pa~OLfero A1118na30Ha Lf8CTOT. 

noaToMy npae11111bHee roeop111Tb o A111ana3oHe eocnpo1113eoA111Mblx LfaCTOT np111 3aABH
Ho'1 HepaeHOMepHOCTlll. LfT06bl 3Tlll TOHKOCTlll CT811111 6011ee 0Cs:l38eMblMlll, Ha p111c. 83 
np111eeAeHa xapaKTep111crnKa C3A HeKoero OTBlleLfeHHoro rpoMKorosop111Te11s:i, cHs:iTas:i 
no 3BYKOBOMY A8BlleHllllO B Alll8n830H0 OT 16 ru, AO 32 Kru,. no OClll a6CU,lllCC ee11111LflllH8 
3BYKOBOro AaBlleHlllS'I Bblpa>KeHa B OTHOClllTellbHblX 11orap111cpMlllLfeCKlllX eAlllHlllU,ax - A6 
(Aeu.1116e1111ax). B 3TlllX >Ke eAlllHlllU,8X o6blLfHO Bblpa>KaeTCs:i Ill CTeneHb AOnyCTlllMOH 
HepaeHoMepHocrn xapaKTep111cT111K111 C3A. 
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1113 rpacp111Ka RCHO BlllAHO, 'lTO ec11111 AOnyCTlllMYIO HepaBHOMepHOCTb nplllHRTb paeHOill 

12 A5, TO pa6o'laR no11oca eocnpOlll3BOAlllMblX 'laCTOT COCTaBl/IT 35 ... 20000 ru,, a np111 

AOnycT111Moill HepaeHoMepHocrn e 6 A5 no11oca eocnpo1113eeAeH111R cy3111TCR AO pa3Me

poe 40 ... 3000 ru.. KaK BlllAlllM, pa3H111u,a no11yY11111acb orpoMHaR, 111 ccw111poKono11ocHb1ill» 

rpOMKOroSOPlllT911b cpa3y npespanmcs:i B «Hl/l3KO"f8CTOTHblill», 

Cneu,111cp111Ka 3TOM npo611eMbl ecerAa COCTOR11a B TOM, 'lTO 11I060i11 pea11bHblM rpOMKO

roeoplllTe11b B c11111y oco6eHHOCTei11 KOHCTPYKU,111111 0611SAaeT U,811blM PRAOM MexaHlll'lSCKlllX 

pe30HaHCOB, 06yc11oe11111ea10U,\lllX nORB118Hlll8 my60KlllX «Bb16pocoe» Ill «BnSAlllH» Ha xa

paKTeplllCTlllKS 111311Y'l8HlllR. 

TaKlllS Bb16pOCbl Ill BnSAlllHbl, Clll11bHO YB811111'llllBaR 3Ha'leH111e HepaBHOMSPHOCTlll, Ha 

caMOM A8118 H83Ha'llllT811bHO B11111R11111 Ha peSJlbHYIO, eocnplllHlllMaeMylO «Ha C11YX» no11ocy 

eocnpOlll3BOAlllMblX 'laCTOT, "ITO, co6craeHHO roeopR, xopowo BlllAHO Ill 1113 np111eeAeH

HOro p111cyHKa. noaTOMY rQCTaMH Ha npOB0A9Hllle aKyCTM'l0CKlllX lllCnblTaHlllM, C OAHOM 

CTOPOHbl, AOnycKa110Cb OU,SHlllBaTb no11ocy eocnpOlll3BOAlllMblX 'lSCTOT np111 AOCTSTO'lHO 

6011bWOi11 B811111'll/IH8 HepaeHOMepHOCTlll (nOPRAKa 12 ... 16 A5), a c Apyroill CTOPOHbl, pa3-

peWSJ10Cb He np111H111MaTb BO BHlllMaH111e Halll6011bWlllM Bbl6poc Ill Halll6011bWYIO BnSAlllHy. 

3TOT np111eM enoc11eACTBllllll CTall Ha3blBaTbCR «HOPMSJ11113SU,1119M» (11111111 H9KlllM ycpeAHS

HlllSM) peaJlbHOM xapaKTep111CTlllKlll 111311Y'l8HlllR. 

np111 OU,SHKS HOMlllHa11bHOM MOU,\HOCTlll 111311y'laTS11R Ha611IOASSTCR TaK8R )1(8 B3alllMO

CBR3b c B03H111Ka10U,\111M111 111cKa)l(eH&i1RM111 aeyKa, YTO 111 e npeAblAYll.\SM cnyYae. Apyr111M111 

C110BaMlll, HOMlllHSJlbHYIO BblXOAHYIO MOll.\HOCTb H811b3R OAH03HS'lHO onpeAS11111Tb 11111111 yc

TaHOBlllTb, He YBR3aB ee c B811111'll/IHOM H811111H8MHblX lllCK8)1(8HlllM, C03AaBa8MblX caMlllM 

111a11yYaTe11eM. 

cDlll3111Ka npou,ecca COCTOlllT B TOM, 'lTO npll1 AOCTaTO'lHO MSJlblX aMn11111TyAaX K011e6a

HlllR Alllcpcpy3opa Ill nOABl/l)l(HOill ClllCTSMbl, BKJ1IO'l810ll.\8M 3BYKOBYIO KaTywKy, nOCJ10AHRR 

coeepwaeT 11111HeillHb1e Ko11e6aH111R BHYTPlll MarHlllTHOro aaaopa, YTO 06ecneY111eaeT OTHo

c111Te11bHO 111/1Hei11Hblill xapaKTeP 3aBlllClllMOCTlll cpopMbl 3ByKOBblX K011e6aHlllM OT cpopMbl 

nOABOAlllMblX K KaTywKe 3118KTPlll'l8CKlllX K011e6aH&i1(;;. 

no Mepe yB811111'l0HlllR nOABOAlllMOro 3J18KTp111"18CKOrO ClllrHSJ18 yB011111"11/1BaSTCR MOU,\

HOCTb 111311Y'l0HlllR 3ByKa, HO OAHOBpeMSHHO 3a CYST YB8Jllll'l0HlllR aMnJllllTyAbl K011e6aH111ill 

3BYKOBOi11 KaTyWKlll OHa c KaKoro-TO MOMSHTa Ha'llllHaeT BblXOAlllTb 3a npeAS11bl BHYTPSH

Hero MarHlllTHOro 3a3opa, B03H"1KaeT TaK Ha3b1Ba8Mbli11 Kpaeeoill acpcpeKT, B pe3yJ1bTaTe 

KOTOporo lllMSBWaRCR 11111Hei11HaR aae111Cl/IMOCTb HapywaeTCR, 'lTO Ill nplllBOAlllT K nORBJle

HllllO HSJllllHSillHblX &i!CKalKSHlllM. 

Be11111Y111Ha srnx 111cKa)l(eH111ill CTpeM111Te11bHO eoapacTaeT no Mepe yeemAYeHlllR nOABO

AlllMoro ClllrHana, 'lTO nplllBOAlllT K coeepweHHO H0AOnyCTlllMblM (Ha cnyx) lllCKa)l(SHlllRM 

3ByKa. nosTOMy rOCTOM MSKClllMSJlbHSR B011111'll/IHS MOU,\HOCTlll rpOMKOroBOp&i!TSJlR (pae

HO KaK Ill 111311y'lal0w,ei11 rQJlOBKlll) onpeA011R0TCR 3Ha'l8Hlll0M MaKClllMaJlbHO AOnyCTlllMblX 

HSJllllHSMHblX lllCKa)l(SHlllill. 

BXOAHblM SJ18M8HTOM SJ10KTPOAlllHaMlll'l0CKOi11 ro110BKlll RB11R8TCR U,lllJ1111HAP"1'l0CKaR 

3ByKOBaR KSTyWKa (OAHOCJlOillHaR 11111111 MHOroc11oillHaR), HaMOTaHHaR MSAHblM (lllHOrAa 

SJllOMlllHlllSBblM) npoBOAOM Ha 6yMa>KHOM KapKace Ill noMSll.\SHHaR B pa60'll/IM aaaop 

MarHlllTHOill ClllCT0Mbl. TaKaR K8TyWKa 0611aAaeT OAHOBpeMSHHO aKTlllBHblM conpOTlllB118-

H1118M, 06yc11oe11eHHblM conpOTlllB118HVl8M MSAHOro npOBOA8 Ill He 38BlllCRU,\lllM OT nOA

BOAlllMOro ClllrHana, Ill peaKTlllBHb!M (lllHAYKTlllBHblM) conpOTlllBJ18HlllSM, KOTOpoe, Hanpo

TlllB, yee11111Y111eaeTCR c yee11111YeH111eM YaCTOT1:1 nOABOAlllMOro c111rHa11a. 

no:noMy rOCT onpeASJiRST BXOAHOe COnpOTlllBJ18Hlll8 rQ110BKlll KaK CyMMY aKTlllBHOM 

Ill peaKTlllBHOill COCTaB11RIOUJ,lllX nOJlHOro conpOTlllB118HlllR, 1113MepeHHOro Ha 'laCTOTe 

1000 ru.. 

,D,11R 111a11y'laTe11ei11 OTe'lSCTBSHHOro npOlll3BOACTBa ycTaHOBJ18Hbl H8CK011bKO CTaH

ASPTHblX 3Ha'leH111ill no11Horo conporneneH111R: 4,0; 8,0; 16,0 111 50,0 OM. B annapaType 
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1r1MnOpTHOro npOlr13BOACTea lr1HOrAa Moryr ecTpeYaTbCSI 1r1311yl.faTe11111 c APYrlr1Mlr1 aHaYe

HlllSIMlll nonHoro conporneneH1r1si. 

HeMHoro paHbWe 6b1110 CKa3aHo, l.fTO e 3ae1r1c1r1Mocrn OT 0<1>opMneH1r1si AC 1r1x noA

pa3AensiioT Ha l.feTb1pe rpynnbl. PaCCMOTPlr1M Tenepb Ka>KAYIO "13 Hlr1X nOAPo6Hee. 

CMCTEMbl OTKPbITOro TMnA 

npe)f(Ae ecero 03HaKOMlr1MCSI c TaKlr1Mlr1 nOHSITlllSIMlr1, KaK aKyCrnl.feCKOe KOPOTKOe 3a

Mb1KaH1r1e Ill OTpa:>KaTeJlbHaSI AOCKa, 6e3 Yero 6YA0T TPYAHO nOHSITb nplr1HU.lr1n KOHCTpy1r1-

poeaHlr1SI 11106b1x AC. 

,IJ,111cl><l>Y30pHaSI lr13Jlyl.falOll.laSI ronoeKa lr13AaeT 3BYK nyreM C03A8Hlr1SI MexaHlr11.feCKlr1X 

KOJ1e6aH1r111l l.faCTlllU. B03Ayxa, pacno110:>1<eHHblX nepeA Alr1<l><l>Y30POM. ,1J,1r1<1><1>y3op pa6oTa

eT Han0Ao61r1e nopwHsi, C03Aaeasi nepeA co6olll nonepeMeHHO TO OTHOC1r1Te11bHOe yn-

110THeH1r1e B03AyXa, TO ero OTHOClllTeJlbHOe pa3pe:>1<eH1r1e. Crnn6 B03Ayxa nepeA Alr1<1>

<l>Y30POM (a CTano 6b1Tb, lr1 lr1HTeHClr1BHOCTb eocnpOlll3BOAlllMblX 3BYKOB) 6blJ1 6bl 3Hal.flr1-

TeJ1bHO 6onee nnOTHblM, ec111r1 6bl He OAHO «HO». 

,IJ,eno B TOM, l.fTO np1r1 AB"1:>KeHlr1"1 Alr1cl><l>Y30Pa enepeA nepeA Hlr1M C03Aa0TCSI C:>KaTl/le 

803Ayxa, HO OAHOepeMeHHO c 3TlllM c TblJlbHOlll CTOPOHbl Alr1cl><l>Y30Pa C03AaeTCSI paBHOe 

no BeJlllll.flllHe pa3PSl)f(eH1r1e. EcTeCTBeHHO, l.fTO cnolll C:>KaTOrO 803Ayxa HenocpeACTBeHHO 

nepeA Alr1cl><l>Y30POM BMeCTO TOrO, l.fT06bl nepeAaBaTb C)f(aTllle AaJlbWe, ycTp0MJ1Sl0TCSI B 

o6naCTb pa3pe)f(eHlr1SI, or1116asi Kpasi Alr1<l><l>Y30pa lr1 HelilTpan1r13ysi lr136blTOl.fHOe ABBJ1eH1r1e 

nepeA Alr1cl>cl>Y30pOM. npolr1CXOA"1T TaK Ha3blBaeMOe aKyCTl/ll.feCKOe KOpOTKOe 3aMblKa

Hllle, pe3KO CH"1:>Kal0ll.lee s<1><1>eKTlr1BHOCTb pa60Tbl lr1311Yl.faTensi. 

,D,nsi 60pb6bl c 3TlllM 3J10M He06XOAlr1MO KaK-TO lll30111r1POBaTb npeAAlr1cl>Y30PHOe npo

CTpaHCTBO OT 3BAlll<l><l>Y30PHOro. 
"1AeanbHblM peweHlr1eM npo6neMbl 6blJ10 6bl pa3Mell.leH1r1e lr1311Yl.faTensi Ha a6COJ110T

HO :>KeCTKOlll nnOCKOCTlll HeorpaHi.11.feHHOlll n110ll.!BA"1 c OTBepcrneM, paBHblM AlllaMeTpy 

Alr1<l><l>Y30pa. "' XOTSI TaKOe peweHllle a6COJ1IOTHO HepeanbHO, OHO TeM He MeHee 

npeAOnpeAen1r1110 nyrb, no KOTOPOMY now111r1 KOHCTPYKTOpb1 AC. 

0AlllHOl.fHbllll lr13Jlyl.faTeJ1b CTaJllll pa3Mell.laTb Ha AOCKe orpaHlr11.feHHOro pa3Mepa, 

B U,0HTpe KOTOpolll Bblpe3anocb OTBepcrne, paeHoe Alr1aMeTpy Alr1<l><l>Y30Pa. HBAO OTMe

TlllTb, YTO 3eyKOBb1e eonHbl, KaK 1r1 11106b1e APvrne, xapaKTep1r13yioTcsi AJ11r1HOlll eo11Hb1, no

sTOMY s<1><1>eKT aKyCrnl.feCKOro KOpOTKOro 3aMblK8Hlr1SI (AK3) CK83blB8eTCSI no pa3HOMy 

AJlSI 3ByKOB pa3HO!ll BblCOTbl TOH8. EiOJlbWe ecero OT AK3 CTpBAalOT caMble AJ11r1HHble 

BOJ1Hbl. 

no Mepe yKopoYeH1r1si AJ11r1Hbl eonHbl s<1><1>eKT AK3 ocna6eeaeT, nosToMy 1r1anyYaTenb, 

pa60TBIOll.lllllil 6e3 OTpa:>KaTeJlbHOlll AOCK"1, B nepeyio 01.fepeAb TepsieT 6onee Hlr13Klr1tl l.faC

TOTbl, TOrAa KaK Ha Ha1116011ee BblCOKlr1?< l.faCTOTSX lr13Jlyl.faeMoro Alr1ana30Ha s<1><1>aKTOM 

AK3 MO:>KHO ,D.a)f(e npeHe6pel.fb. 

OTCIOAa nOHSITHO CTpeMneH1r1e KOHCTPYKTOPOB MaKClr1MaJ1bHO yeenlr11.flr1BaTb pa3Mep 
OTpa:>KaTeJlbHOlll AOCK"1. li1 Tyr lllM Ha nOMOll.lb np1r1w.no «cnac111TeJ1bHOe» peweH1r1e. 0Ka-

3aJ10Cb, l.fTO Kpasi OTpa:>KaTeJlbHOlll AOCK"1 MO:>KHO, o6pa3HO roeopsi, «3arHyrb» B CTOPOHY 

TblJlbHOlll CTOpOHbl Alr1¢cpy3opa, 3aMeHlr1B 60J1bWYIO nnocKylO AOCKY npsiMoyrOJlbHblM 

Slll.llr1KOM 6e3 3BAHelll cTeHKlr1. TaKasi 3aMeHa KaK 6bl coxpaHsina nnOll.lBAb 0Tpa:>1<aTenb

HOill AOCK"1, cyll.leCTeeHHO yMeHbwasi eHewH1r1e pa3Mepb1 KOHCTpyKu.1r11r1. TaK nosie111m1cb 

aKyCTllll.feCKlr1e ClllCTeMbl OTKpblTOrO rnna. 

3T111 c111cTeMbl 06ecnel.f1r1ea11111 eno.nHe YAOeneTeop1r1Te11bHOe eocnpo1r13ee,o,eH1r1e ca

MblX Hll1>KH"1X l.faCTOT 3BYKOBOro Alllana30Ha, He CHlr1:>KaSI «OTA81.flr1» 3ByKOBOill ronoBKlll, HO 

TeM He MeHee ocrnea111r1cb AOCTaTOl.fHO rpOM03AK"1Mlll. Ansi CH"1)1(9Hlr1SI pa3Mepoe cpyrnsi

pa Hanpaw1110anocb Ol.feHb npocrne Ha nepeb111l 03rnsiA peweH111e: 3aKpblTb Harnyxo 0T

Kpb1Tb1ill C38All1 cpyrnsip, nonHOCTblO lr130111r1pOB8B npocTpaHCTBa cnepeAlr1 lr1 n03BAlr1 Alll<l>

cpy3opa, l.fTO 6yAeT 31<Blr1BaneHTHO OTpa>KaTenbHOlll AOCKe HeorpaHlr11.feHHblX pa3Mepoe. 
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0AHaKO Ha Ae11e 3TO OKa3a110Cb He TaK. ,lJ,e110 B TOM, 'fTO, 3aKpblB Harnyxo <j>yrm1p, 

Mbl TeM caMblM C03AaeM repMeTlll'fHbl£1 '-'11111111HAP. B KOTOPOM Alll<j><j>y3op 111311y'faTe11SI 
Bblno11HsieT po11b nopwHsi. Ill ec11111 e OTKPblT0£1 c111cTeMe ABlll>KeH111e A1t1<l>Q>y3opa enepeA 

HlllKaK He npenSITCTBOBaJlO C03AaHllllO paBHOrO pa3pe>KeHlllSI n038Alll Hero, TO B repMe

TlfllfHOM '-'11111111HAPe ABlll>KeHllllO AlllQ><j>y3opa enepeA 6yAeT 3Heprlll'fHO npenSITCTBOBaTb 
C03AaeaeMoe lllM >Ke paspe>KeH111e B '-'11111111HApe. lllHblMlll c11oeaM111, AJlSI pacKa'flllBaHlllSI 

Alll<!><j>y3opa AO T0£1 >Ke aMn11111TYAbl B 3aKpblTOH ClllCTeMe K ro11oeKe noTpe6yeTCSI nOA
BOAlllTb 3Ha'flllT011bHO 6011bWYIO 311eKTplll'f0CKYIO MOll.\HOCTb, T. e. Kn,D, 3aKpblT0£1 ClllCTe
Mbl 3Ha"f111Te11bHO H111>Ke Kn,D, OTKpb1To£1 c111cTeMbl. 

Ill reM He MeHee 3aKpb1Tb1e AC (111Ha'fe 111x Ha3b1earoT «KOMnpecc1110HHblMlll») He T011b
KO Haw11111.w111po'fa'1wee pacnpocTpaHeH111e, HO Ha ceroAHSI e Maccoeo£1 EiPA nO'fTlll no11-

HOCTbt0 BblTeCHlll11111 ClllCT0Mbl OTKPblTOrO Tlllna. noc11eAHllle coxpaHlll11111Cb B OCHOBHOM 

e annaparype caMoro BblCOKOro KJ1acca c npe111Myll.\eCTB8HHO naMnOBblMlll YC3Y. 

c nosie11eH111eM MOll.\HblX TpaH3111CTOPOB AJlSI OKOHe'fHblX KaCKSAOB nonynpOBOAHlllKO

BblX YC3Y, 06ecne'f111eat0ll.\lllX He111cKa>KeHHYt0 BblXOAHYtO MOll.\HOCTb yc11111111Tensi e AeCsiT
Klll 111 Aa>Ke COTHlll eaTT nplll lllCKJllO'flllTeJlbHO BblCOKOM Kn,D, yc11111111Te11si, CAenan111 HeCyll.\e

CTBeHHblM rnaeHb1£1 HeAOCTaTOK KoMnpecc1110HHblX AC - 111x Hlll3Klll£1 Kn,D,. B TO >Ke epeMsi 

KOMnpecc1110HHble AC 111Met0T PSIA Heocnop111Mb1x npe111Myll.\eCTB nepeA c111creMaM111 OT
Kpb1Toro rnna. 

1. no11HOCTblO lllCKJltO'feHO aKyCTlll'feCKOe KOPOTKOe 3aMblKaH111e Me>KAy <j>pOHTaJ1bH0£1 
Ill Tbl11bHOH CTOPOHaMlll AlllQ><j>y3opa rpOMKOroeop111Te11si, 'fTO yee11111'flllBaeT OTHOClllTe11b

HYIO (HO He a6C011IOTHylO!) OTAa'fy Ha Kpa£1HlllX Hlll3WlllX 'faCTOTax Ill, C11eAOBaTe11bHO, 

yMeHbwaeT 0611.\YIO HepaeHoMepHOCTb 'faCTOTH0£1 xapaKTep111cr111K111 3a c'feT srn£1 'facrn 

cneKTpa. 

2. 3a C'feT TOro, 'fTO A111<l><l>Y30P pa6oTaeT KSK nopweHb B 38Kpb1TOM '-'11111111HApe, pe3-

KO eo3pacTaeT conporne11eH111e eHyrpeHHero o6beMa B03Ayxa e Q>yr11sipe, 'fTO np111eo
AlllT K 6blCTPOMy 3aTyxaHllllO CB060AHblX KOne6aHlll'1 AlllQ><j>y3opa, a 3TO 3KBlllBaJleHTHO 

yee11111'feH11110 <j>aKTopa AeMn<j>111poeaH111si. 

3. 3a C'feT OTHOClllTeJlbHOro yny'fWeHlllSI 1113Jly'feHlllSI Hlll>KHlllX 'faCTOT (CM. n. 1) YAaeT
CSI cyll.\eCTBeHHO yMeHbWlllTb ra6ap111Tb1 Q>yr11sipa np111 coxpaHeH111111 Ka"feCTBa 3ey'faH111si 

e 6acoeoM perncTpe. 

Yrn KacaeTcsi AByx APYrlllX c111cTeM - c <j>a30111HeepTopaM111 111 nacc111eHb1M111 111311y'faTe-
11siM111, TO npe)l(Ae 'feM nepeXOAlllTb K lllX on111caHllllO, cneAyeT OCTSHOBlllTbCSI Ha cneAy

IOll.\lllX coo6pa>KeH111six. ,lJ,nsi AOCTOeepHoro eocnpo1113eeAeH111si 3ByKa AC AOJl>KHa 06ecne
l.f111BaTb AOCTSTO"fHYIO MOll.\HOCTb BO ece£1 nonoce eocnpOlll3BOAlllMblX 'fSCTOT 3BYKOBOro 

cneKTpa - npaKTlll'feCKlll OT 16 ... 20 r'-' Bn110Tb AO 20 ... 22 Kr'-'. 

c 3TlllMlll napaMeTpaMlll HanpsiMytO CBSl3aH Bbl60p TlllnOB Ill KOJllll'feCTBa rpOMKOroBO
plllTene£1, cnoco6HblX pew111Tb sry 30AS"fY. 3AeCb HaM CHOBa noTpe6yeTcsi He6onbwoe 
0Tcryn11eH111e e o6naCTb Teop111111, 6e3 'fero MHoroe 1113 AaJlbHe£1wero CMO>KeT OKa3aTbCSI 

HenoHSITHblM. Ha'fHeM c <j>1113111K111 pa60Tbl rpoMKoroeop111Tensi. ,lJ,nsi sQ><j>eKTlllBHOro 111311y
"feH111si CSMblX Hlll3KlllX 'f8CTOT Alll<j><j>y3op rpOMKOroeop111Tensi AOJl>KeH lllMeTb MaKClllMa11b
HO B03MO>KHYIO 111311Y'f810ll.\YIO noeepXHOCTb (n110ll.\8Ab KOHyca), npeAeJlbHO MSlrKytO nOA
BeCKY (snaCTlll'fHbl'1 ro<j>p Ill He6011bWYIO ynpyrOCTb nOABeca), 'fTO BJle"feT 3a co6o'1 AOC
TaTO'fHO 6onbwyro 111Hep'-'1110HHOCTb ece'1 c111cTeMbl. Bnpo'feM, Ha H1113WlllX "fSCTOTax Allla

na3oHa 3TO npaKTlll'feCKlll He CKa3blBaeTCSI OTPlll'-'aTe11bHO Ha Ka'feCTBe 3By'faHlllSI 
6acoBblX lllHCTpyMeHTOB. 

,lJ,nsi sQ>Q>eKTlllBHOro eocnpo1113BeAeH111si Bb1cw111x 'faCTOT A111ana3oHa (Ha'f111Hasi 

c 8 ... 10 Kr'-') Tpe6oeaHlllSI K rpOMKOrOBOp111Te11ro MeHSllOTCSI Ha npsiMO nporneono11o>K

Hble. A111<PQ>Y30P MO)l(eT 6b1Tb O"feHb He6onbworo pa3Mepa, Ho o6si3aTe11bHO >KecTKlllM: 
O'feHb "faCTO AJ1SI AOCTlll>KeHlllSI 3T0'1 '-'e11111 6yMa>KHbl'1 A111<l><l>Y30P npon111Tb1Ba10T 6aKen111-

TOBblM naKOM, a y Ha1116011ee AOPOrlllX MOAe11e'1 (npe111Myll.\eCTBeHHO 3anSAHblX <j>111pM) 
Ae11at0T 1113 n11aCTMaCCbl 11111111 11erKoro AIOPaJlSI. noABeCKa KaryWKlll Ae11aeTCSI eeCbMa >Ke

CTK0'1 Ill MaKClllMaJlbHO 6e3b1Hep'-'1110HH0£1. 
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,lJ,a>Ke y:>Ke CKa3aHHOro ,ll,OCTaTOYHO, YT06bl nOHSITb, YTO ,IJ,JlSI 3cpcpeKT1t1BHOro i.13JlyYe

Hi.1SI w1-1p0Koro cneKTpa YaCTOT OAHL-1M rpoMKorosop1-1rnneM He o6o&l1rncb. VI p,e&l1cTs1-1-

TellbHO, a6COJllOTHOe 60JlbWL-1HCTBO w1-1pOKOnOJlOCHblX aKycrnYeCKLtlX Ci.1CT9M COCTOL-1T 

1-13 Tpex 1-1 6onee pa3HblX 1-13nyYarnne&11. 

noYeMy 1-13 Tpex, a He 1-13 ,IJ,Byx? noTOMY YTO XOpOWLtlVJ Hi.13KOYaCTOTHblVJ rpOMKOrOBO

pi.1TeJlb c Hi.13KOVJ YaCTOTOVI C06CTBeHHOro MexaHWfeCKoro pe30HaHca scpcpeKrnBHO 1-13-

JlyYaeT Jli.1Wb YaCTOTbl He BblWe 4 ... 6 Kru,, a BblCOKOYaCTOTHb10 rQJlOBKL-1 HaY1t1HalOT pa6o

TaTb c YaCTOT 8 ... 10 Kru,, nosrnMy cpep,H1-1&11 yyacTOK pa6oYero p,1-1ana3oHa nonap,aeT s 

«30HY nposana». 

'-IT06bl 3TOT yYaCTOK 3anOJ1Hi.1Tb, 06blYHO B COCTaB CLtlCTeMbl BKJllOYalOT TpernVI, TaK 

Ha3blBaeMblVJ WLtlpOKOnOJlOCHblVJ rpOMKOrQBOpi.1T9Jlb cpep,HeVI MOLLl,HOCrn (3 ... 5 BT), 

K OTHOCL-1T9JlbHO 60JlbWOMy p,1-1cpcpy3opy KOTOporo np1-1KJJeeH H960JlbWOVJ >KeCTKLtlVJ KOHYC 

,IJ,JlSI ynyYweH1t1S1 1-13nyYeH1-1si Bb1coK1-1x YaCTOT. VI xorn Mepa sTa s 1-13secTt-io&11 Mepe nann1-1-

arnsHasi, see >Ke yp,aeTCSI ,ll,OCTL-1Yb nOJlOCbl "laCTOT y TaKLtlX rpOMKOrQBOPL-1TeJle&l1 B npe

p,enax OT 60 ... 80 ru, ,IJ,O 10 ... 12 Kru, C np1t1eMJleMO&li CTeneHblO HepaBHOMepHOCTL-1. CJJOBa 

«C np1-1eMJleMO&li CTeneHblO HepasHOMepHOCTL-1>> CHOBa B03BpaUJ,alOT Hae K npSIMOVJ 3as1-1-

Ci.1MOCTL-1 peanbHO&li nonocb1 socnpo1-13sep,eH1-1si AC OT crnneHL-1 3TOVI caMoVI HepasHo

MepHocrn. VI TYT Bb1sicHsieTcsi, YTO crnneHb HepasH0MepHocr1-1 C3,D, oTp,enbHOVI 1-13nyYa-

10LL1,e&11 rOJlOBKL-1, KOTOpasi He MO>KeT 6b1Tb i.13MeHeHa Hi.1KaKL-1Ml'1 yx1-1LL1,peHL-1SIML-1, cpaBHL-1-

TeJlbHO nerKo no,1J,,1J,aercsi KoppeKrnposKe (s CTOPOHY yMeHbWeH1t1S1) c nOMOUJ,blO psip,a 

cneu,1-1anbHb1x Mep s npou,ecce KOHCTpy1-1posaH11si AC rpeTbero 1-1 Yeraeprnro rnnos. 

nepsasi 1-13 3Ti.1X Mep - COOTBeTCTBYIOUJ,i.1&11 nop,6op rnnos i.13JlyYalOUJ,i.1X rQJlOBOK, 

cpopM1-1pyioLL1,1-1x nonHblV'I cneKrp. Ha p1-1c. 84 Kp1-1sasi 1 npep,crnsnsier co60&11 Kp1-1syio 

C3,D, HeKoero rnnornrnYecKoro Hi.13KOYacrorHoro 1-13nyYarnnsi, a Kp11sasi 2 - cpep,HeYa

CTOTHoro. Vl3JlyYaTeJli.1 nop,o6paHbl TaK, YT06bl «Bbt6pocbl» 0,IJ,HOro no B03MO>KHOCrn co

snap,aJll-1 co «Bnap,1-1HaMw• p,pyroro. Kp1-1sasi 3 sisnsieTcsi cyMMOi'l KPL-1BblX 1 1-1 2. 
,D,nsi 6onbwei1 Harnsip,Hocrn sra Kp1-1sasi yMeHbWeHa no Bb1corn e p,sa pa3a 1-1 npeo6-

pa3osaHa B KPL-1BYIO 4. ,lJ,a>Ke Bi.13yallbHO CTaHOBLtlTCSI OY0BL-1AHblM, HaCKOJlbKO cyMMap

HaSI xapaKrnp1-1crnKa C3,D, p,syx rpaMOTHO no,1J,06paHHb1x rpoMKorosop11rnnei1 pasHo

MepHee xapaKTePL-1CTL-1Ki.1 Ka>K,IJ,Oro 1-13 Hi.1X OT,IJ,0JlbHO. 

BnpoYeM, TaKOe 1-1p,eanbHOe coYeTaH1-1e xapaKrnp1-1crnK p,syx pa3HOrnnHblX 1-13nyYa

renei1 BCTpeyaeTCSI He YaCTO, OAHaKO yCTaHOBJ10HO, YTO yseJli.1Y0Hi.10 YLtlCJla pa3HblX rn

nos ronoAoK s op,HoVI AC 3aMeTHO H1-1sen1-1pyer 06LL1,yt0 Kp1-1syio C3,D, sceVI c1-1cTeMb1. 

VIMeHHO nosTOMy s ,D,opornx 1t1MnopTHblX AC YLtlCJlO OT,IJ,0JlbHbtX ronosoK Hepep,Ko np1-1-

6n1-1>1<aeTcsi K p,ecsirn. 

,D,nsi 6opb6bl c p,pyrnML-1 OCTaTOYHblML-1 Bbl6pocaML-1 1-1 nposanaML-1 cyUJ,eCTByeT HeMa

JlO pa3Jli.1YHblX cnoco6os. TaK, ,IJ,JlSI ycTpaH0Hi.1SI OTpa>K0Hi.1Vl 3BYKOBblX BOJlH OT npornso

nOJlO>KHblX BHyTpeHHLtlX CT0HOK caMOro cpyT!lsipa WL-1POKO np1-1MeHsieTCSI OKJ10&11Ka CTeHOK 

3ByKonornoLL1,a10LL1,1t1M1-1 MaTep1-1anaM1-1 1-1n1-1 cneu,1-1aJJbHb1M1-1 «pacce1-1sa10LL1,1t1M1t1» 0Tpa>1<a

T9JlS1M1-1 n1-160 p,a>1<e 3anonHeH1-1e BHyrpeHHero npocTpaHcraa cpyrnsipa cneu,1-1aJJbHOVI sa

TOt'l. 

,D,nsi n1-1Ks1-1p,au,1-11-1 OYeHb rny6oKoi1 snap,1-1Hb1 Ha KaKot'l-To op,Hoi'l Yacrnrn 0Hyrp1-1 cpyr

nsipa MO>K0T 6b1Tb nOM0LLl,0H cneu,1-1aJJbHblVJ Tpy6YaTblt'l pe30HaTOp, HaCTpOeHHbltll TOYHO 

Ha 3Ty YaCTOTy. 

CosceM 1-1Hoi1 np1-1Hu,1-1n nono>KeH s ocHosy pa60Tbl TaK Ha3btsaeMblX aKycrnYecK1-1x 

cpa30i.1HB0PTOPOB 1-1 Cll!CTeM c naCCLtlBHblM i.13JlyYaTeneM. 06a 3Ti.1 M0TO,IJ,a np1-1MeH1t1Mbl 

TOJlbKO ,IJ,JlSI AC KOMnpecc1-10HHoro (3aKpb1Toro) rnna 1-1 npecnep,ylOT u,enb ycTpaHeH1-1si 

H0,ll,OCTaTKOB, np1-1GyLL1,1t1X i.1M0HHO 3Ti.1M CLtlCTeMaM. 

<DL-13i.1Y0CKL-1 cpa30i.1HBepTOp npep,CTaBJJSleT co6o&l1 OTKpblTYIO c ABYX CTOPOH Tpy6y

pe30HaTOp, HaCTpoeHHYIO Ha YaCTOTy, He3HaYi.1TeJlbHO OTJ11t1Ya10LL1,y10CSI OT co6CTB0HHOVJ 

pe30HaHCHOtll YaCTOTbl rOJlOBKL-1 Hi.13KOYaCTOTHOrO i.13JlyYaTeJlSI (B npep,enax 2/3 OKTaBbl). 

Hepe,ll,KO cpa30i.1HB0PTOP BblnOJlHSllOT He B BL-1,IJ,e Tpy6bl, a B cpopMe npsiMoyronbHOro KO-
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po6a. lllHeeprnp, KaK npae1A110 (Ho He 06siaaTe11bHO), paaMeLUalOT Ha nepeAHei.1 naHe111A 

AC HIA>Ke HIA3KO'laCTOTHOro IA311y'laTe11SI, «epeaasi» ero B COOTBeTCTBYIOLUee OTeepcrne 

(1A111A LUe11b) Ha nepeAHei.1 naHe111A. 

Cl>IA31AKa pa60Tb1, a oco6eHHO MeTOAIAKa MaTeMarn'lecKoro pac'leTa <1>aao1AHeep

rnpa, AOCTBTO'IHO c110>1<Hb1 AJlSI nOAP06Horo aHa111Aaa Ha HaweM c rn6oi.1 ypoeHe, nosTO

My orpaHIAl.llAMCSI 111AWb KOHCTaTau,1Aei.1 TOro, l.ITO aa CLteT onpeAe11eHHOro CABIAra cpa3 

aeyKOBblX eo11H BHyTPIA <l>yT11sipa AC YAaeTcsi cyLUeCTBeHHO nOBblCIATb OTAa1.1y AC Ha ca

Mblx HIA3KIAX 'laCTOTax pa601.1ero AIAana30Ha. 

HeAOCTaTKOM <l>a30IAHBepTopa SIB11SleTCSI onpeA0110HHaSI TPYAHOCTb (a IAHOrAa IA He

B03MO>KHOCTb) ero HaCTpOi.1KIA Ha OnTIAMa11bHYIO peaoHaHCHYIO LtaCTOTy, nOSTOMy a11b

TepHarneoi.1 Cl>lll SIBIA111ACb CIACTeMbl c TaK Ha3blBaeMblMIA naCCIABHblMIA IA311y1.1aTe11S1MIA 

(nlll). B STIAX CIACTeMax P011b Cl>lll Bbln011HSleT AOn011HIAT011bHbli.1 HIA3KOLtaCTOTHbli.1 IA311y

LtaTe11b, 111AWeHHbli.1 MarHIATHOi.1 CIACTeMbl IA 3BYKOBOi.1 KaTyWKIA. nplA pa6oTe OCHOBHOro 

HIA3KO'laCTOTHOro IA3J1y'laTe11SI AIAcpcpyaop nlll nplAXOAIAT B «IAHAYU.IAPOBaHH00» B036y>K

AeHIAe Ha co6cTeeHHoi.1 peaoHaHCHOi.1 1.1acTOTe, IA3MeHsiTb KOTopyio 3Ha1.11ATe11bHO 11er1.1e, 

LteM pe30HaHCHYIO LtaCTOTy Tpy6bl Cl>lll. 

8 3aKJ1IOLteHIAe OTMeTlllM, l.ITO CIACTeMbl c <l>a30IAHBepTOpaMIA IA naCCIABHblMIA IA311yLta

Te11SIMIA, KaK npaBIA110, nplAMeHSllOTCSI T011bKO B Ha1A6011ee AOPOrlAX (npelAMyLUeCTBeHHO 

aapy6e>1<Hb1x) MOAe11six Hi-Fi (Hi-END) - annaparypb1 IA 06ecne1.11Aea10T pea11bHYIO nono

cy 3BYKOBOcnpOIA3BeAeHIASI 25 ... 22000 ru. nplA HepaBHOMepHOCTlll B HeCKOJ1bKO eAHHIAU, 

Aeu,1A6e1111. 

Pa6oLiee 
MeCTO 

Ha pa601.1eM cTone eCTb HaCT011bHasi naMna. CaMasi 06b1KHoeeHHaS1, Ha ycTOi.1'11Aeoi.1 

MaCCIABHOi.1 nOACTaBKe c co6CTBeHHblM BblK11IOLtaTe11eM IA111A ccnepeHOCKa» c YA06Hoi.1 

nplALUenKoi.1. Hy IA, paayMeeTCSI, c eeepHyTOi.1 B naTpOH 11aMn01.1Koi.1 MOLUHOCTblO ... 

40 BT? 60? 75? Mo>KeT, ece 100? KaKoi.1 MOLUHOCTlll A011>KHa 6b1Tb 11aMn01.1Ka B HaCTOJlb

HOi.1 11aMne y PaA1A011io61ATe11si? 

40 BT, KOHe'-IHO, SIBHO ManoeaTO, oco6eHHO nplA OCyLUeCTSJleHIAIA MOHTa>KHblX pa60T. 

60 IAJllA 75 - no>1<a11yi.1, AOCTaTOl.IHO AJ1SI 6011bWIAHCTBa c11y1.1aee. Ho KOrAa nplAXOAIATCSI 

6e311ynbl 1.!IATaTb HOMIAHaJl Ha pe31ACTOpe Tlllna YJlM, 100 BT 6bl110 6bl B caMbli.1 paa. 

Ho BeAb He 6yAeWb >Ke Ka)l(Abli.1 paa BBIAHl.llABaTb, BblBIAHl.llABaTb pa3Hble JlaMnOl.IKIA 

AJlSI KIDKAOro c11yLJaR. KoHel.IHO >Ke HeT. ,[l,a IA HeT B STOM HIAKaKoi.1 He06XOA1AMOCTlll, eC111A 

o60PYA0BaTb HaCT011bHYIO JlaMny O'leHb npOCTblM np1Acnoco611eH1AeM - peryJlSITOPOM 

Hanpsi>KeHIASI Ha TIAplACTope. 

YTO TaKoe TlllplACTOP IA KaK OH pa6oTaeT, Mbl y>Ke 3HaeM. OcTaeTCSI TOJlbKO co6paTb 

npocTeHbKYIO cxeMy, IA306pa>KeHHYIO Ha plAC. 85. ,[l,ea 11eBblX (BXOAHb!X) KOHTaKTa npeA

Ha3HaLteHbl AJlSI BKJllOLteHIASI B oceernTe11bHYIO C9Tb nplA noMOLUIA 06bll.IHOi.1 BIAJIKIA, K ABYM 

npaBblM nOAKJllOLtaeTCSI HenocpeACTBeHHO HaCTOJlbHaSI 11aMna. 
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P111c. 85. CxeMa rnp111cTopHoro perynRropa RpKocT111 AllR HaCTOnbHoiii naMnbl 

CxeMa HaCT011bKO npocTa, LfTO Y>Ke He npeACTaem1eT HIAKaKIAX TPYAHOCTe£t 0AHaKO 

HOBblMIA OKa>KYTCR nOBblW0HHbl0 Tpe60B8HIAR K TeXHIAKe 6eaonaCHOCTIA, nOTOMY LfTO 

npaKrnLfeCKIA ece 311eMeHTbl CX0Mbl npRMO (r811bB8HIALfeCKIA) CBR3aHbl c CIA110B0£1 

C0Tbl0 Hanps:i>KeHIAeM 220 8 IA MOryT npeACTaB11RTb nps:iMylO yrpoay AJls:I >KIA3HIA. 

0CHOBH0£1 CMblC11 peKOM0HAal..llA£l no MOHTa>Ky pery11s:1TOpa CBOAIATCR K OAHOMy: 

A011>KHa 6b1Tb OAH03HaLfHO IA Ha 100% IACKJllOLfeHa BCRKaR B03MO>KHOCTb nplAKOCHOB0HIAR 

K nio6o£1 A0T8111A pery11RTOpa noc11e aaeepweHIAR MOHTS>Ka IA ycTaHOBKIA pery11RTOpa 

Ha ero nOCTORHHOe MeCTO. TaKIAM MeCTOM MO>KeT 6b1Tb 111A60 KOpnyc (OCHOB8HIA0) Ha

CT011bH0£1 11aMnb1, 111A60 cne1..11Aa11bHaR po3eTKa AJlR nOAKJllOLfeHIAR 118Mnbl Henocpe,a.

CTB0HHO Ha eepxHe£1 IA111A 6oKOB0£1 n110CKOCTIA CT0118. 

HeeoaMO>KHO aapaHee nopeKOMeH,D.oeaTb HIA plACYHOK neLfaTHo£1 n11aTbl, HIA paaMepbl 

KOpo60LfKIA, BHYTPIA KOTOpo£1 6YAYT pa3M0ll.l,0Hbl ece A0T8111A perymrropa, He 3H8R, KaKIA

MIA IAM0HHO 6YAYT 3TIA ,a.eT8111A. JIYLfwe ecero HaLfaTb c nOA60pa ecex ,a.eTane£1, 3aTeM Ha 

IAX OCHOBe CKOMnOHOBaTb KOHCTPYKl..llAIO (no B03MO>KHOCTIA M8KCIAM811bHO KOMnaKTHylO), 

a Y>K0 no.a. 3TY KOHCTPYKLllAIO Bb16paTb nOAXOARl.1.1,ero pa3Mepa IA 06beMa 06R38T011bHO 

n11aCTMaccoeylO KOp060LfKY (HanplAMep, 06blKHOBeHHylO Mb111bHIAl..IY). 

LfTo aa ,a.eTanlA 1Acno11b3oeaHbl e cxeMe? HaLfHeM c perynRTopa sipKocrn. 8oaMO>KHbl 

.a.ea np1AHL11An1A811bHO pa3HblX peweHIAR. Mo>KHO np1AMeH1ATb noTeHl..llAOMeTp c TaK Ha3bl

eaeMblM BblK1110LfaTe11eM ceTIA, IA TOrAa OTnaAaeT He06XOAIAMOCTb B OTAe11bHOM Bbl

K1110LfaTe11e Ha caMo£1 HaCT011bH0£1 11aMne. TaKIAMIA noTeHL11AOMeTpaM1A sie11R10TCR TK 

IA TK,D,. CHIA A011>KHbl 6b1Tb c n1AHe£1Ho£1 aae1AC1AMOCTb10 (Kp1Aeasi «A»). Oco6oe BH1AMaH111e 

o6parnM Ha ,a.eKoparneHylO PYLfKy, KOTOpaR 6yAeT HaAeTa Ha OCb noTeHl..llAOMeTpa. 

,lJ.1AaMeTp aT0£1 PYLfKIA co cTopoHbl oTeepcTIAR (ocHoeaHIAR) 06siaaTe11bHO .a.011>KeH cy

l.1.1,eCTeeHHO npeeocxo,a.IATb ,11.1AaMeTp wa£16bl IA ra£1KIA, 1Acno11bayeMblX AJlR Kpen11eH1AR no

TeHl..llAOMeTpa K KOpnycy Kopo60LfKIA, LfT06bl AO HIAX 6bl110 H0B03MO:>KHO C11YLfa£1HO nplA

KOCHYTbCR! 
EC111A >Ke Mbl peWIAM OCTaBIATb «WTaTHblVt» BblKJllOLfaTenb Ha caMOVt 11aMne, Tor.a.a 

MO>KHO np111MeH111Tb npaKTIALfeCKIA 11io60£1 APYroVI rnn noTeHl..llAOMeTpa (HO TaK>Ke o6siaa

T011bHO c KPIABOVt «A»). 

Tenepb TIAPIACTOp. EC111A Mbl OTKpoeM 111060£1 cnpaBOLfHIAK no no11ynpOBOAHIAKOBblM 

nplA6opaM, TO B pa3Ae11e He3anlApaeMb10 TIAPIACTOpbl Ha£1AeM He MeHee n011YTOPa co

TeH pa3HblX rnnoe, TaK LfTO Bbl60p AOCTaTOLfHO 06w1ApeH IA B onpe,11.e11eHH0£1 Mepe npo-

1113B0110H. XOTSI IA 3A0Cb eCTb eno11He 110rlALfHble orpaHIALf0HIAR. Hanp1AMep, HeT HIAK8KOro 

CMblC11a np111MeHRTb TIAPIACTOp, HanpR>K0HIAe OTKPblB8HIAR KOTOporo 300, 600 IA111A 

1000 8. TaKo£1 rnplAcTOp npocTO He OTKpOeTCR nplA Hanpsi>KeHIAIA cern 220 8. 

Ha cxeMe yKaaaH rnp1AcTop rnna KY201 c Hanpsi>1<eH1AeM BKJllOLfeHIAR 50 8, HO eno11-

He MO:>KHO IACn011b30B8Tb, K nplAMepy, rnplACTOP rnna KY1016 c TaKIAM >Ke HanpR>Ke-
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HllleM. Ba>KHO JllllWb, LfT06bl MaKClllMaJlbHO AOnyCTlllMbli:ii TOK Lfepe3 Hero 6bln He MeHbWe 
TOKa, npoTeKalO~ero Lfepe3 naMnOLfKY. A OH nerKo onpeAensieTCSI no een111Lf111He Mo~
HOCTlll naMnOLfKlll. Hanp111Mep, AJlA naMnOLfKlll MO~HOCTblO 100 BT np111 Hanpsi>KeH111111 cern 
220 B HOMlllHaJlbHbl~ TOK COCTSBlllT 100 : 220 = 0,45 A. Ha TSKOlil >Ke TOK AOJl>KeH 6b1Tb 
paccLf111TaH 111 AlllOA VD1 np111 AOnycTlllMOM o6paTHOM Hanpsi>KeH111111 He MeHee 250 B. 
TaK111M >Ke eo 111a6e:>KaH111e cnyLfalilHocrnlil nyLfwe eb16paTb 111 pa6oLfee Hanpsi>1<eH111e AJlSI 
KOHAeHcaTopa Ct. HOMlllHaJlbHbl~ TOK npeAoxpaH111Tensi A011>1<eH 6b1Tb He MeHbWe 1 A 
111 He 6onbwe 2 A. 

BOT, no>Kanylil, 111 ece, LfTO KacaeTcsi on111caH111A cxeMbl 111 KOHCTPYKU.111111. A e aaK1110Lfe
H111e e~e 111 e~e pa3 o TexH111Ke 6eaonacHocrn: 

Kameeopuy,ec1Cu sanpe~aemcsi npousBoiJumb 1ea1Cue-JtufJo 
1ttonma:J1Cnbte, peMonmnbte uJtu peeyJtupoBO"l,llbte pafJombt 
c om1CpbtmbLM u B1CJt10y,ennbtM B cemb peeyJtsimdpoM nanpsi
:HCenusi! 



3>\ .. Uff~l.E 
ABEt-1>\A!!A~f O.E 

TeopffH 

YpoK 1. MAI'HMTHAR 3BYK03AIIMCb 
MarHIATHbl'1 cnoco6 aan1Ac1A/eocnpo1A3BeAeH1AS1, Ha3eaHbl'1 TaK no cy~Hocrn cj>IA31A

l.feCKoro npou.ecca, nosie1Ancsi nol.frn Ha noneeKa noa>1<e IA306peTeHIASI 3AIACCOHa, OAHa

KO He cyMen BblTeCHIATb CTapbl'1, MexaHIAl.feCKIA'1 cnoco6. 06a OHIA npocy~eCTBOBanlA 
cj>aKTIAl.feCKIA AO HblHewHero epeMeHIA, XOTSI B caMble nocneAHIAe rOAbl B CBSl31A c nosie

neHIAeM na3epH0'1 3ByK03anlACIA rpaMnnaCTJAHKIA CTanlA CAaBaTb n031AU,IAIA. 

KaK roeoplAT caMO HaaeaHIAe, npou,eCCbl aanlACIA IA eocnpOIA3BeAeHIASI IAHcj>OpMaU,IAIA 

HanpSIMYIO CBSl3aHbl c KaK0'1-TO cj>opM0'1 MarHIATHOrO B03Ae'1CTBIASI Ha HOCIATenb IAHcj>op

MaU,IAIA. 3TO Ae'1CTBIAT9nbHO TaK, nplAl.feM caM HOCIATenb IAHcj>OpMaU,IAIA onpeAenlAnCfl He 

cpaay, a npowen HeCKOnbKO 3KCneplAMeHTanbHblX CTSAIA'1. 

litCTOPIAl.feCKIA caMblM nepBblM TaKIAM HOCIATeneM 6b1na 06blKHOBeHHaSI CTanbHaSI 

CTPYHHaSI npoeonoKa, KOTOpasi B npou.ecce 3an1ACIA paBHOMepHO (T. e. c nOCTOflHH0'1 

CKOPOCTblO) nepeMaTb1ea11aCb c OAH0'1 KaTYWKIA Ha Apyryio IA OAHOepeMeHHO nOABepra

nacb B03Ae'1CTBIAIO nepeMeHHOrO MarHIATHOro nOJlSI, C03AaeaeMoro B cneu,1AaJ1bH0'1 Ka

TYWKe nepeMeHHblM sneKTplAl.feCKIAM TOKOM 3ByKOB0'1 l.f8CTOTbl, KOTOpb1'1, co6CTBeHHO, 

IA COAep>Kan IAH<f>OpMaU,IAIO, nOAJle>Ka~ylO 3an1ACIA. 
nplA eocnpOIA3BeAeHIAIA ocy~ecTBnsinacb 3epKanbHas:i onepau,1As:i: HaMarHIAl.feHHaR 

COOTBeTCTBylO~IAM o6pa30M B npou.ecce 3an1ACIA npoeo110Ka npOTflrJABaJlaCb c T0'1 >Ke 

CKOPOCTblO MIAMO aHaJ10rlAl.fH0'1 KaTyWKIA, HaBOASI B He'1 3,lJ,C, KOTOpasi IA3MeHsinacb no 

TOMY >Ke 3aKOHy, l.fTO IA 3JleKTPIAl.feCKIA'1 TOK B KaTYWKe 3anlACIA. 

3Ta nepeasi TeXHIAKa 6b1na eeCbMa HecoeepweHHa, Kal.feCTBO 3Byl.faHIASI 6blJ10 cy~e
CTBeHHO XY:>Ke. l.feM nplA rpaMaanlACIA, OAHaKO HOBaSI CIACTeMa 0611SASna OAHIAM Heocno

PIAMblM npelAMy~eCTBOM nepeA rpaM3anlACblO: IAHcj>OpMaU,IAIO Ha MarHIATHbl'1 HOCIAT9Jlb 

MO>KHO 6blJ10 MHOroKpaTHO 3an1ACb1BaTb IA crnpaTb, nplAl.feM AeJlaTb 3TO MOr caM noTpe-

61ATenb B AOMaWHIAX yCJlOBIASIX. 

Hoeasi CIACTeMa, KaK IA no110>1<eHo, coeepweHcTeoeanacb nocTeneHHO. nepeb1'1 war 

6b1n CAellaH, IA Ha'1aJ1CSI A011rll1'1 nYTb. Pa60Tbl WJllA napa1111eJ1bHO no TpeM Hanpae11e

HIAS1M: npOBOAIAJllACb my60KIAe Hayl.fHO-Teopernl.feCKIAe IACCJleAOBaHIASI c u,eJlblO onpeAe-

190 



rn1tTb onT111ManbHble napaMeTpbl ecelll c111cTeMbl, wn111 111HTeHc111BHb1e no111cK111 onT111Manb

Horo Hoc111Tem1 111, HaKoHe~. coeepweHcTeoea11acb caMa 3an111cb1eaio~asi 111 eocnpo1113eo

AS1~asi TeXHll1Ka. 

Pe3ynbTaToM 3TlllX pa6oT cTa11111 nepeble npOMb1wneHHb1e MarH111ToQ>OHbl (TaK 6b111111 

Ha3BaHbl 3Tlll HOBble annapaTbl), BblnYCK KOTOpblX 6bln oceoeH npaKTll14eCKll1 OAHOBpe

MeHHO B HeCKOnbKll1X CTpaHax. 3TO 6blnll1 rpOM03AK111e, TSl>Kellble ycTaHOBKll1 c ABYMSI 11111111 

TpeMSI pa3HblM111 3neKTPOAB111raTe11S1Mll1, TpeMSI pa3HblMll1 ronOBKaMll1 A/1SI 3an111c111, BOC

npOll13BeAeHll1SI 111 cT111paH111si CTapb1x 3an111celll. 3an111cb ocy~ecTensi11acb He Ha npoeono

KY. a Ha cne~111anbHY10 «MarH111THy10» neHyY. 

JleHTa npeACTaensina co6o171 Heropl04YIO n11acTMaCCOBYIO OCHOBY TOn~ll1H0171 nOPSIA

Ka 50 Mll1KPOH Ill w111p111Hol7t 6,25 MM, Ha OAHY CTOPOHY KOTopolll 6b1n HaHeCeH pa604111'°1 

cnolll 1113 nopowKoo6pa3Horo MarHlllTHoro MaTep111ana - 0K111c11a >Kene3a co cesi3yio~111M 
HanonH111TeneM (naKOM). 0Ha HaMaTbleanacb Ha cne~111anbHb1e 606111Hb1 AlllaMeTpoM 

B 20 ... 25 CM (!) Ill npOTSlrl!1Banacb Ml/IMO 3an111Cb1Ba10~elll 111n111 C4111TblBalO~e171 ronOBKlll GO 

CK<?POCTblO B 770 (!) MM/CBK. 

STO COCTaensieT 3/4 M Ka>KAYIO CBKYHAY. no3TOMY AJ1SI no11y4acoeolll 3an111c111 HaAO 

6bln0 1113pacxOAOBaTb 6e3 Manora 1,5 KM (!) neHTbl. np111 TaKOlll CKOPOCTlll npOTSl)l(eHlllSI 

neHT~ o4eHb 6blCTpo 1113Haw111eana (cT111pa11a) ronoeK111, a np111 ycKopeHHolll nepeMOTKe 

CKOpOCTb ABll1>K9HlllSI neHTbl AOCT111ra11a 30 KM/4aC (!), 4TO npll1BOA111110 K cy~eCTBeHHOMY 
paCTSl>K9Hll1IO neHTbl 111 4aCTblM o6pblBaM. no3TOMY HeOTbeM11eMblM KOMnOHeHTOM Ka>KAO

ro MarH111ToQ>oHa 6b1na 6aH04Ka co cne~111anbHblM KlleeM A/1SI CK11e'°1K111 nopeaHHOlll neHTbl. 

Bee 3Tlll HBAOCTaTKlll nepBblX MarHlllTOQlOHOB no cy~eCTBY 111 onpeAen11111111 nyn1 litX 

coeepweHcTeoeaH111si. Ho 4T06bl noHSITb 111 o~eH111Tb TPYAHOCTlll, CTosiei.µ111e Ha 3TOM nyTlll, 

HaM npll1A9TCSI HBMHOro yrny6111TbCSI B ~llt3!'1KY npo~ecca MarHlllTHOlll 3BYK03an111c111. 

1,113 o6~ero Kypca Ql1113111Klll 1113B9CTHO, 4TO cy~eCTByeT PSIA MaTep111a11oe, KOTOpble 

no.QAaK>TC.R HaMart111141r1eaHHIQ. I.fro 3To ~Ha4111T? 3To 3Ha4111T, 4To ll!~H!i4Bnbi1o H~ ~npo~ 
SIBnSllO~e MarHlllTHblX CBOlllCTB MaTep111anbl noc11e BO~Ae171CTBlllSI Ha HI/IX MarHl/ltHorp 

nonsi coxpaHsilOT c11eAb1 3Toro EI03Ae171cTBHSI 111 noc11e npeKpau.i.eH111si B03Ae171cT!'llitSI nonsi, 

T. e. KaK 6bl CTaHOBSITCSI CBMlll HOCl/IT011SIMlll OCTaT04HOro MarHeTlll3Ma, KOTOpbllll MO>KeT 

coxpaHSITbCSI AOCTaT04HO p.011ro. 

Ho "13 3Toro cneAyeT, 4TO HaMarHl/l49HHblli! MaTep1i1a11, B CBOIQ 04~P~Ab, np11106peTa

eT cnoco6HOCTb C03A3BaTb co6CTBeHHOe MarHlllTHOe none. B 3TOM Mbl MO>KeNt y6eA"1Tb

CSI Ha 3JleMeHTapHOM OnblT0. 803bMeM o6blKHOBeHHblli! rB03Ab Ill nOAHeCeM erq K He-

6onbW0171 wee171Ho171 111ronKe. H111KaKoro B3Bll1MOA9171CTBlllSI Me>KAY H"1Mlll He 6yAeT, noCKOJlb

KY rBO:iAb HeMarHlllTHbllll. 

3aTeM np1o1nO>K"1M rB03Ab K nio60MY ClllllbHOMY nOCTOSIHHOMY MarHHTY, nocne 4ero nQ

BTOplo1M onblT c 1o1ronKOl7t. Tenepb rB03JJ,b nplllTSIHeT 111ro11Ky, nOTOMY YTO QT nplllKOCHOBeHlllSI 

c C"111bHbJM MarHlllTOM OH caM HaMarHlllTlllllCSI. 0TCIOA3 BblTeKaeT Ba>KHbllll BblBOA: 06bJl<HO

BeHHbl171 re03Ab MO>KHO 1o1cnollb30BBTb B Ka"l0CTBe nepeHOC4111Ka MarHlllTHOro nom1. 

B TeXHlllKe MarHlllTHOlll 3an111c111 POllb TaKoro rB03ASI Bbln011HSllOT Me/1b"lalllw111e Kpynl/IHKl/I 

OKll1CJ1a >K01103a (11111111 Apyroro MarH"1THOro MaTep111ana), 0611a,o,aio~111e CB0171CTBOM HaMar

Hl/141/lBaTbCSI "' coxpaHSITb HaMarHlll"10HHOe COCTOSIH"1e AOCTaTO"IHO A/1111T011bH00 epeMs:i. 

STiii KpynlllHKll1 BM0CTe co CBs:t3ylO~lllM MaTep111a110M (K11eeM, 11aKOM Ill T. n.) HaHOCs:tTCs:t 

04eHb TOHKlllM C/100M (B H0CKOl1bKO M111KpOH) Ha OCHOBY 1113 311BCTlll4HOro Cll1HT0T"1'!0GJ.<Oro 

MaTep1o1ana, B Ka4eCTBe KOTOporo cerOAHs:t 111cn011b3yeTCs:t npe111My~eCTBeHHO 11ascaH. 

np111 3an111c111 MarHlllTHas:i neHTa npoTs:irnsaeTcs:i M"1MO pa6oYe171 ~e11111 cne~a11bHOi1 

ro11oeK111 3an111c111 (r3). 3Ta pa6o4as:t ~e11b npeAcTas11s:ieT co6o171 B03AYWHblill 3a3op e Mar

H111TOnpoeoAe, Ha KOTOPOM HaMOTaHa KayYWKB r3. 

np111 nOABeAeHllllll K KayYWKe nepeMeHHOrO Hanps:t)KeHll1s:t 3BYKOB0171 4aCTOTbl B pa6o

YeM 3a3ope ro110BKlll C03AB0TCs:t nepeMeHHOe MarHll1THOe none, B TO"IHOCTll1 r.OBTOps:t

tO~ee xapaKTep nepeMeHHoro HanpS1)KeH111S1, so36yA111ewero :no MarHlllTHOe none. 
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Ho nocKonbKY none 3TO Henpepb1BHO MeHflSTCfl, a neHTa HenpepbtBHO AB"1>KeTcsi, 
B mo6oill OTAenbHblill MOMeHT speMSHJ.1 HanpoTlllB w,en1.1 OK83blBaeTCSl HOBblill yYaCTOK 
M8rH"1THOill neHTbl, Ha KOTOpblill ycnesaeT aanlllC8TbCSl "1MeHHO TOT yposeHb MarH"1THoro 
nonsi, KOTOpblill 6b1n C03AaH 3BYKOBblM ClllrHanOM B MOMeHT npOXO>K,D.eH"1fl M"1MO w.en111 
,o.aHHoro OTPe3Ka neHTbl. B peaynbTaTe Ha neHTe 0Kaab1saeTcsi aam1caHHoill nocneAosa
TeJlbHOCTb ypOBHeill HaMarH"1'leHHOCH1, KOTOpasi "1 npe,o.crnsnsieT co6oill MarH"1THYIO 
sepC"1IO aan"1CblBaeMoro 3BYKOBOro C"1rHana. 

np1.1 BOCnpOl.13BeAeH"1"1 npOl.1CXOAITT 06paTHOe ,o.ei/ICTBl.1e. 3an1.1caHHaSl neHTa C TS· 
KOill >Ke CKOPOCTblO npoTSlrnBaeTCSl M"1MO aHa110r"1'lHOill w,e111.1 TaKOill >Ke TOYHO ronOBKlll 

BOCnpo1.13BeAeH"1Sl (rB), HaBOAfl B ee KaTYWKe nepeMeHHYIO 3,D,C, B TO'lHOCH1 COOTBeT
CTBYIOW.YIO yposHsiM HaMarH1.1YeHHOCH1 neHTbl, T. e. no cyw,ecTBy nosrnpsilOUWIO xapaK
Tep nepeMeHHOro Hanpfl>KeH"1Sl "1CXOAHOro 3BYKOBOro c1.1rHana. 

TaKosa s 06w,1.1x yeprnx cp1.1a1.1Ka npo1..1ecca. Ecn1.1 B03H"1KaeT Heo6xoA1t1MOCTb cTe
peTb aan1.1cb, neHTY npornrnsalOT M"1MO w,en1.1 TpeTbeill, cne1..11.1anbHOill ronoBKl.1 crnpa
H"1fl (rC), Ha o6MOTKY KOTOpoill no,o.aeTCSl 3H8'l"1TeJ1bHO 6onbwee no senlll'l"1He C"1HYC0"1-
AallbHOe nepeMeHHoe Hanpsi>KeH111e ynbTpaasyKosoill YaCTOTbl (60 ... 120 Kr1..1). CoaAaH
Hoe 3H1M Hanpsi>KeH"1eM nepeMeHHOe MarH"1THoe none nonHOCTblO pa3M0rH"1'l"1BaeT 
neHTY, Aenasi ee np1t1roAHOill AJlSl HOBOill 3an1.1c1.1. 

Tenepb O'leHb Ba>KHO nocTapaTbCSl nOHSlTb, Yf1CH"1Tb VI 3anOMH"1Tb, 'lTO cyw,ecTByeT 
TBepASSl B3a"1MOCBSl3b Me>KAy YeTblpbMSl COCTaBJ1SllOUl,"1Mlll, KOTOpble onpeAeJlfllOT KaYe
CTBeHHbl8 noKa3aTen1.1 Jll06oill C"1CTeMbl MarH"1THOill 3BYK03an1.1c1.1. 3rn COCT0B11SllOW,"18 
cneAy10w,1.1e: 

1. PaaMep aepeH (T. e. Kpyn1.1HOK) MarH"1THOro MaTep1.1ana Ha neHTe. 
2. W1.1p1.1Ha pa6oYeill w,e111.1 aan1.1cblsa10w,eill 1.1 socnpo1.1as0Af!w.eill ronosoK. 
3. CKopoCTb npoTsi>KeH1.1si neHTbl s pa6oYeM pe>K1.1Me. 
4. nonoca 3cpcpeKT"1BHO nepeASBaeMblX YaCTOT aan"1CblBaeMoro Ill socnpOl.13BOA"1-

MOro c1.1rHana. 
nonpo6yeM paao6paTbCSl s 3TOM, He aaTparnsasi cn1.1wKoM rny!SoKo TeopernYecK111e 

lllCCJ1eAOB8Hlllfl B 3TOill o6nacrn "1, B03MO>KHO (C TO'lKlll apeHlllSl aKaAeMlll'lSCKOill HayK"1), 
He COBCeM KOppeKTHo. npeACTaB"1M, YTO Mbl XOTlllM aan1.1caTb ClllHYCOlllAallbHblill ClllrHan 
c YaCTOTOill B 10 Kr1..1. 3TOT ClllrHan C03AaeT B MarHl.1THOM aaaope aanl/ICblBalOw,eill ronos
Klll nepeMeHHOe MarHlllTHOe none, KOTOpoe "13MeHsieTCSl B TeYeHllle CSKYHAbl 10 000 pa3. 

YT06b1 aan1.1caTb 6ea 1.1cKa>KeH1.1ill Ka>KAOe 1.13 3rnx 111aMeHeH1.1ill, HY>KeH, KaK M"1H"1MYM, 
xoTsi l5b1 OA"1H A1t1CKpeTHb1ill 311eMeHT, nepeHocsiw,1.1ill TaKYIO MarH111THy10 111HcpopMaL.11.110. 
5yAeM C'l"1TaTb TaK"1M 3neMeHTOM OAHY Kpyn1.11..1y OK"1Cna >Keneaa Ha MarH"1THOill neHTe. 
3aABA"1MCSl M"1H"1MallbHblM pa3MepoM TaKoill Kpynl.1!..lbl - 10 MlllKPOH, 'lTO, B006w,e ro
BOpSl, He CJ1"1WKOM Aa11eKO OT peanbHOrO 3HaYeHlllSl. VI TaKoill :>Ke W"1PlllHbl 6yAeM AJ1Sl 
npoCTOTbl cY1.1TaTb aaaop s aan1.1cb1sa10w,eill ronoaice. 

CKopoCTb npoTsi>KeHlllfl neHTbl np1.1MeM raKoill, YT06b1 aa speMfl OAHOro nonHoro ne
p1.10Aa M"1MO aaaopa B ronOBKe npowna OAHa Kpyn1.11..1a. VI KaKaSl >Ke 3TO CKOPOCTb? 3TO 
MO:>KHO 11erKO nOAC'l"1TaTb. Ecn1.1 YaCTOTa c1.1rHa11a y Hae 10 Kr1..1. 3Ha'l"1T, aa 1 c M"1MO 
ronoBKl.1 A011>KHO npoCKOYlllTb APYr aa APYroM 10 000 Kpyn1.11..1 Ka)l(A0fl AJ1"1Hoill 10 MKM, 
a o6w,asi ,D.11"1Ha 3TOi-1 1..1enOYK"1 (a, CTano 6blTb, "1 neHTbl) COCTaB"1T, KaK HeTPYAHO co
o6pa3"1Tb, 100 000 MKM, "111"1 100 MM. 3Ha'l"1T, M"1H"1Ma11bHaSl CKOPOCTb y Hae 6yAeT 

100 MM/CeK. 
Hy 'lTO )I(, yCTaHaBJ1"1BaeM 11eHTY Ha MarH1.1TOcpOH, BKJllOYaeM B pe>K"1M 3an1.1c111, aan1.1-

CblBaeM C"1HYC0"1AaJ1bHbli-1 c1.1rHan c YaCTOTOill 10 Krl..I, nepeMaTblBaeM nneHKY Ha3aA, 
BKJllOYaeM ee Ha socnpo111aseAeH1.1e 1.1 cnb1w1.1M ... poBHblill cna6b1ill wyM. H1.1KaKoro Aa:>Ke 
HaMeKa Ha C"1rHall B 10 Kr1..1. 

B YeM Aeno? Mo>KeT, He pa6oTaeT aan1.1cb? H111Yero nOA06Horo, Ha nneHKe AeillcTs1.1-
Te11bHO aan1.1caHo TO, YTO 1.1 AOJl>KHO 6b1Tb aan1.1caHo, T. e .... H1t1Yero! KaK >Ke TaK? BeAb 
Ha Ka)l(AOVJ OTAellbHOill Kpyn1.11..1e AOJl>KHa 6b1Tb 3an1.1caHa no KpaillHeill Mepe OAHa ClllHY
C0"1Aa, paase He TaK? 
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KoHe4HO, TaK. 0Ha 111 3an111caHa. BepHee, 3an111caHo ee cpeAHee 3Ha4eH111e 3a ne

p1110A. VI T04HO TaKoe >Ke cpeAHee 3HB4eH111e 6yAeT 3an111caHo Ha cneAylO~ei.1 Kpyn1111..\e, 

111 Ha nocnecneAYIO~ei.1, 111 Ha ecex ocTanbHblX, cnSAoeaTenbHO, 111 Ha ecei.1 neHTe H1114ero, 

KPOMe 3Toro cpeAHero 3Ha4eH111si He oKa>KeTcsi. A nocTOSIHHbli.1 poeHbli.1 wyM, KoTOpb1i.1 

Mbl yc11b1wa11111 np111 eocnpo1113eeAeH111111, KaK pa3 111 nepeAaeT 111HcpopMal..\11110 06 3TOM 

CPSAHeM 3HS4eHl/ll/I. 

VI KaKoi.1 >Ke 1113 3Toro cnSAyeT BblBOA? A BblBOA cneAyeT AOBOJlbHO ne4anbHbli.1. Ec11111 

Mbl XOTlllM AOCTOeepHO, 6e3 lllCKa>K8Hllli.1 nepSAaTb c noMO~blO MarHlllTHOi.1 3an111c111 OAHY 

ClllHYCOlllAY (c Jll06oi.1 4aCTOTOi.1), TO AOJl>KHbl no OTA8JlbHOCTlll (!) 3an111caTb Ha Ka>KP,oi.1 

Kpynllll..\8 Ka>KP,YIO cpa3y 3TOi.1 ClllHYCOl/IAbl. 

VI CKOJlbKO >Ke TaKl/IX OTA811bHblX cpa3 HSAO 3an111caTb? 0TB8T 1113BeCTeH: 4eM 6onbwe, 

TSM J1Y4W8, TeM 611111)1(8 eocnpOlll3BOAlllMbli.1 ClllrHan 6yAeT K lllCXOAHOMy, a 3Ha4111T, TSM 

M8HbW8 6YAYT lllCKa>KSHlllSI ClllrHana. 

Hy a ece-TaKlll 6onee KOHKPSTHO - CKOJlbKO lllMSHHO? ,lJ,nSI Ha4ana B03bM8M XOTSI 6bl 

ABaAL\aTb. '-!To 3TO 6yAeT 03Ha4aTb Ha npaKT111Ke? Ha npaKTlllKe 3TO 6yAeT oaHa4aTb, 

4TO 3a epeMSI, 3KBlllBaneHTHOe OAHOi.1 ClllHYCOlllAe, Ml/IMO pa6o4ei.1 ~811111 aan111Cb1Ba10~ei.1 
rQJlOBKlll AOJl>KHO npOCK04111Tb B 20 pa3 60J1bW8 OTASJlbHblX Kpynllll..\, a AnSI :noro HY>KHO 

B 20 pa3 yee111114111Tb CKOPOCTb npoTSl>KSHlllSI J18HTbl, T. e. c 10 CM/C AOBSCTlll ee Hiii Mano 

Hiii MHOro AO 2 M/C! 

Ho Hey>Ke11111 HST Hl/IKaKlllX APYrlllX nYTei.1? ECTb, KOH84HO, Ill npl/ITOM HSCKOJlbKO. 

Bo-nepebrx, MO)l(HO e 2 paaa yMeHbWlllTb MaKc111ManbHY10 4aCTOTY aan111cb1eaeMoro c111r

Hana - BMSCTO 10 Krl..\ orpaHl/l4111TbCSI nSITblO. TorAa Ill CKOPOCTb npOTSl>KeHl/ISI J18HTbl 

YMSHbWlllTCSI BABOe. 

TaK*e BABOe MQ)l(HO YMSHbWlllTb CKOpOCTb neHTbl, ec11111 pa3Mep OAHOro 3epHa Ill co

OTBeTCTBeHHO w111p111Hy MarHl/ITHOro 3aaopa B ronoeKe 3an111c111 B3SITb He 10, a 5 MlllKPOH. 

BOT Tenepb AOJl>KHa CTaTb nOHSITHOi.1 npsiMaSI 38BlllClllMOCTb MS>KAY TeMlll 4eTblpbMSI co

CTaBJlSllO~lllMlll, c KOTOpblX Mbl Ha4anlll Haw aHanlll3. 

E~e pa3 nOA4epKHeM, 4TO pacCMOTpeHHaSI CXeMa Clll/IWKOM ynpo~eHa Ill He coeceM 

KoppeKTHa, nocKOllbKY He Y4111TbreaeT L\Sllbli.1 PSIA APY™X ea>KHei.1w111x cpaKTopoe, OAHaKo 

o6~ee npeACTae11eH111e 0 npOL\8CCe OHa ece >Ke AaeT, a lllMeHHO 3TY 38Aa4Y Mbl nepeA 

co6oi.1 111 cTae11111111. 

Tenepb 6yAeT noHSITHO, 4TO AanbHe£.\wee pa3e111T111e c111cTeM MarHlllTHOi.1 aeyKo3an111c111 

umo no HeCKOJlbKlllM HanpaeneH111S1M. nocKOJ1bKY rnaeHoi.1 L\enblO 3TlllX pa6oT 6bino no

Bb1WeH111e Ka4eCTBa Ill eepHOCTlll eocnpOlll3BeAeHlllSI, HanpSIMYIO CBSl38HHOi.1 c pacw111pe

Hl/leM nonocbl eocnpOlll3BOAlllMblX 4aCTOT Ill CHlll>KeHllleM YPOBHSI lllCKa>K8Hllli.1, TO AnSI AO

CTlll>KeHlllSI 3TOi.1 L\elllll OCTaBanOCb TOJlbKO yMeHbWeHl/le paaMepa OTAellbHblX 3epeH 

HOClllTeJlSI, yMeHbWeH111e WlllPlllHbl MarHlllTHOro 3830pa B 3an111Cb1Ba10~ei.1 Ill eocnpo1113-

BOAS1~ei.1 ronoeKaX Ill KaK pe3yJ1bTBT - npeASJlbHO B03MO>KHOe CHlll>KeH111e CKOPOCTlll 

npOTSl>KSHlllSI neHTbl. 

Bee 3Tlll nYTlll nocnSAoeaTenbHO pean1113oeb1ean111cb no Mepe coeepweHCTeoeaH111S1 

TeXHOJlOrllli.1, Ill 3TO 04eHb HarnSIAHO BlllAHO 1113 CJ18AYIO~lllX cpaeHeHl!li.1. 

Ha4HeM c w111p111Hbl pa6o4ero 3a3opa e ronoeKax. Y nepeb1x npOMb1wneHHb1x MarH111-

rncpoHoe OHa COCTaBJlSIJlB 20 ... 25 MKM, n03TOMY Aa>Ke AnSI 04eHb CKPOMHOi.1 nonOCbl 

nponycKaH111S1, He npeeb1waio~ei.1 8 Krl..\ np111 cy~ecTeeHHOM ypoeHe 111cKa>KeH111i.1, CKo

pocTb npOTSl>KeHl/ISI J18HTbl nplllXOAlllJlOCb Bb16111paTb paeHoi.1 770 MM/C. 

B 1960 r. cp111pMa «Cl>11111111nc» C03Aalla rQJlOBKlll, B KOTOpblX BMeCTO o6bl4HOro Jll/ICTO

eoro MarHlllTOnpOBOAa 6bln np111MeHeH cpepplllT. 3TO n03BOJll/IJ10, eo-nepBblX, pe3KO yee

J11114111Tb cpoK C11Y>K6bl ronOBOK (AO 50 000 4acoe!), a BO-BTOPblX, YMSHbWlllTb WlllPlllHY 

MarHlllTHOro 3830pa AO 8 ... 10 MKM. B peaynbTaTe CTaJlO B03MO>KHO 1111160 yMeHbWlllTb 

cKopocTb npoTsi>KeH111si neHTbl np111 TOi.1 >Ke nonoce nponycKaH111si, 1111160 yee111114111Tb nono
cy nponycKaH111si np111 coxpaHeH111111 cKopocrn. 

CneAYIO~lllM waroM B coeepweHCTBOBaHllllll ronoBOK CTano 111306peT8Hlll8 cp111pMoi.1 

-•TenecpyHKeH» a11bc111cpepoeb1x cepAe4HlllKOB, noaeo11111ew111x yMeHbWlllTb w111p111Hy pa6o-
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"fero 3a3opa ronoeoK AO 2,5 MKM. ,D,anbHe'1wee yMeHbWeH111e aToi.1 een111'f11tHbl np9,E\cTaB

nnnocb npaKT111L1eCK111 HeB03MO>KHblM np111 111cnonb30BaH111111 arnx MaTep111anoe. noaToMy 

HBCTOR~e'1 ceHca1..1,111e'1 OKa3anacb pa3pa60TKa RnOHCKOi.1 <1>111pM0'1 «AKalll» ronOBOK 

1113 MOHOKp111cranna <1>epp111ra co CTeKnRHHblM noKpb1T111eM np111 111cnonb3oeaH111111 oco6o'1 

B8KYYMH0'1 TeXHOnor111111, no3eon111ewaR YM0HbWVITb WlllPlllHY MarHlllTHOro 3a3opa /JP OA

HOro MlllKPOHa! 

TaK111M o6pa30M 3a cpaeH111TenbHO KOPOTK111'1 npoMe>KYTOK epeMeH111 3TOT napaMeTp 

MarHlllTH0'1 3BYK03an111c111 yny4WlllnCR B 25 pa3! 

Ha OCHOBe 3Tll1X AOCTll1>K9HlllM nocneAOBaT9TlbHO YM9HbWanacb CKOpOCTb npOTR>K9HlllR 

neHTbl, npolllCXOAlllBWaR CT10AYIO~lllMlll «waraMlll»: 76,2 GM/c; 38, 1 GM/c; 19,05 CM/G; 

9,58 CM/C; 4, 76 CM/C. 

KaK BlllAHO, 111 CKOPOCTb npoTR>KeH111R neHTbl YA&JIOCb yMeHbWHTb e 16 pa3, TatOKe cy

~ecTBeHHO yny"lwanocb 111 Ka"leCTBO MarH111THblX neHT. Ha CMeHy nopowKoo6paaHblM 

OK!ll~8M >Kene3@, pa3M9pbl MlllKPO'f~CT1111..1, KOTOPblX KOne6anli1Cb B npeAenax 1...5 MKM, 

np1111.1;1n111 HOClllTen111 Ha 6a3e ABYOKlllClll xpoMa • 

.0.~YQK1!1Cb xpoMa nony'falOT r111APOT9PMlll40CKlllM Cf10C060M 1113 TpexOKlllClll xpoMa 

S J:la~YYMl-!0'1 !<~M~p~ np111 TeMnepaTYpe B 373 °C Ill AaBTl0Hllllll B 8000 (!) aTMOCcl>ep. 

nony"leHHaR TaKlllM o6pa30M ABYOKlllCb xpoMa npeACTaBnReT co6ot1 KplllCTann111'feCKOe 

eew,ecTaO c: 111p.eanbHO OAl/IHSK0!3blMlll ,.:p111cTanna.M111, p~3Mepbl KOTOpblX B 5-6 pa3 M9Hb

YJe i<KPYnlllHO!-(» Of(lllCnoa :i..t<ene3a, T. e. CQCTSBJ'!RIQT AOnlll M.lllKPO!"fa. 

Cep111'1Hbl~ BblnycK MarHlllTHblX neHT c pa60L1111M cnoel'llJ 1113 A~YOKlllClll XP.QIYI~ Ha4¥!CR 

B 1970 r:., Ill 111M0HHO 3Tlll neHTbl CAenan111 B03MO>KH0'13an111Cb Ha neHTY Ji§:) TOnJ:>KO 3BYKO-

BQH lllHcl>OpMal.1,14111, HO 14 BlllAe03an111c1:>. -

Ha ~Tlil~ Mbl MIDK0M orpaHlll'fl4Tb ttaUJ,e 3H@KOM~T!i0 c o6~~id T~!)p1t1et1 L1 3TanaMl4 

pa3BlllTlllR MarHlllTH0'1 3BYK03an111c111 Ill f!epeii1Tlll K 3H8KOMCTB-Y c peanbHOii1 annapaTYPOM 

aeyl'o3a11111c1o1. 

KoHCTPYl<U.11f!, ciseMQT&XJil4'i0CK111e pei.µi;i1-1111si 111 a.Rt11~em-1:1asi CSaaa 11106oro coppeMeH

tfaro Mar1-1111roci>a1-1a 1..1,enHKOM Ill nonHOCTJ:>IO 9flP0A~n~19Tc;~ ero <l>YHKL:L!4~1-!8nbH!11MI!! B03-

MO>KHOCTRMlll, KOT0pb19, B CBOIO O'lepeAb, HanpRMYIO CBR3aHbl c ero HaSHa49HllleM 14 

ypoaHeM napaMerpoe. H111>Ke np111eoA11tTCR nepe'fet-1b OCHOJ:IHblX norp~6111renbcK111x <l>YHK-

1..1,111A, np111cy~111x cospeMeHHl:ilM KaCC0THl:!IM MarHlllTO<l>OHaM: 

- Hanlll41118 <l>YHKL.l,lllii1 eocnpOlll3B9A0HlllR Ill 3an111c111 OT OCHOBHblX BH8WHlllX lllCT04Hlll

KOfs Hl.f c111rHana (Ml4Kpo<1>0H, TIOHep, TpaHcnsi1..1,1110H1:1asi n111H111R, H'i BIDIXOA :renee111aopa, 

Apyroui MarH111ro<1>0H 111 T. n.); 

- Han111'f111e ycKopeHHoii1 nepeMOTKlll neHTbl e 060111x HanpasneH111sx; 

- Han1114111e aBTOCTOna no OKOH'faHllllll neHTbl; 

- B03MO>KHOCTb 3an111c111 Ill eocnpOlll3B0A0HlllR Ha 4-x H93SBlllClllMblX /JPPO>KKBX B pe-

>KlllMe MOHO- Ill ABYCTOpOHHe£1 3an111c111 CTepeo Ha ABVX napax AOPO>KeK; 

- Hafl11141110 <l>YHKL.1,111111 «BBTOpeeepc»; 

- Hanlll'fllle BCTpOeHHOro MlllKPO<l>OHB (lllTllll 2-x MlllKPO<l>OHOB AflS'.I crepeoaan111c111); 

- H3nlll'fllle lllHAlllKBTOpa YPOBHH ClllrHana np111 ~an,1110111; 

- Hafllll'fllle C40T4111KB non0>1<eHlll~ neHTbl; 

- 80311/JO>Kl-!OCT_b KOHTPOTIR KB40CTBB OCYlL\0CTBns:ieMOii1 aan1110111 Ha cnyx HenocpeA· 

CTB01-!HO B npou,_ecce 3an111c111 («SYAlllOMOHlllTOPlllHr»); 

~ HSTllll41110 nepeKnl04aT~Tls:! «T_llln 110HTbl» WU! rpex OCHOBH~IX BlllAOB nplllM0Hs:!0MblX 

lioc111reneUI (Normal, Cr02, Metal); 

- Hanlll4111e SBTOM8Tl14eCl<Oii1 YCTaHOBJt:lll ypoBHSl ClllrH~lla nplf! 3~n111c111; 

- B03MO>KHOCTb «H8TIO>K0Hllls:!» BTOporo c111rHa11a (cl>yHKL.l,llls:! «KapaoKe); 

- Hanlll'fllle ClllCT0Mbl BBTOnOlllCKa Ill npOl13BOl1bHOro Bb16opa cl>oHorpaMM np111 BOC-

np01!13ije,D,eHllllll; 



- eoaMO>KHOCTb np111ocTaHOBK111 npo®cca aan111c111 111n111 eocnpo111aeeAeH111R Ha>KaT111eM 
KHOnKlll «nayaa»; 

- ClllCTeMa 3aU,\lllTbl OT HenpeAHaMepeHHOro CTlllpaHlllR 111n111 aan111c111 Ha KaCC9TY, 
npeAHa3Ha4eHHYIO TOllbKO AJlR eocnpo111aBeAeH111R; 

- Halllll4111e ClllCTeM WYMOnOHlll>K0HlllR np111 3an111c111 Ill eocnpolll3B&IA0Hll1111; 
- aeT0MaT1114eCKaR aarpyaKa 111 Bb1rpysKa KacceTbl e KacceTOnp111eMH111K. 
TaKoe p,aneKo He nonHbl~ nepeYeHb <l>YHKL\lllOHallbHblX B03MO>KHOCTetl coepeMeliHblx 

KacceTHblX MarHlllTO<l>OHOB AJlR TaK li83blBaeMoilt OAHOK8CCeTHOiii AeKlll. Ecn111 >Ke M~rHlll
TO<l>OH (11111111 MarHlllTOna) o6opyg_qeaHbl ABYMR AeKaMlll, K nepe4111Cll0HHblM <l>YHKL\lllRM 
A06aBnRIOTCR B03MO>KHOCTb He38BlllClllMOlil pa60Tbl KB>KAOiii H3 ABYX AeK, nepeasnlllCb 
MBrH111TorpaMM c o'°'Hoiii KacceTbl Ha APYrylO, OAHoepeMeHHbliii nycK (c111HxpocTapT) 96e-
111x AeK e npoµecce nepeaan!'fClll, B03MC?>KH9CTb y~KopeHHOiii nepesan111p111. 

A np111 111cnonb30B~t-!"'"' MarH1f!TO$OH~ ~ coc;Tae~ PBAlllOKOMn11eKcoe 111 MY3b1Ka11bHblX 
u.eHTpoe K ero ~YHK!J,lf1RM .go~~!ln~er9R 8BTOMaTlll48CKOe nepeKlll04eHl/le iActoifHlllKOB 
c111rHana 38fllllC!'1 11111111 eocnpo111aee,D,eH111S!, KOHTponb 111 111HA111Kau.111R Han1114111R KacceTbl 
e KacceTonp111eMH111Ke 111 AP· 

Ec11111 KacceTHbliii MarHlllTO<l>OH lllCr101Jb3YeTCR npe111MyU,\eCTBeHHO B K840CTBe .Q,lllKTO
<PoHa. (A!Jf! 3~nll!C~ JJeJ<l..\llliii, np!'I 11!1-!T~PQl?!QlllPq~~Jillllll), TO K ero OCHOBHblM <l>YHKUlllRM 
A06aJ311SllOTGfl E!031\110>!.<HOCT!:> np111MeHeH111R ll!!~KPOKacceT, nOHlll>K8Hllle CKOpOCTlll ABlll>Ke
HlllR 118HTl:il AO 2,4 llt 1,2 CM/C, <PYHKUlllR «TOl-!CeHqQp», T. e. 8BTOMaTlll4eCKoe MrHOBeHHOe 
BKJ1104eH111e aan111c111 np111 noReneH111111 aeyKoeoro c111rHa11a 111 np111ocTaHOBKa neHTbl np111 
npo.Q.011l1<111TenbHOCn1 naysb1 caep~ ycra1-1oe11eHHP~ AflllJTenbHOCTlll. 3Ta 4>YHKU.lllR noa
eo11sieT CYL1499TB0HHO CHl/131/JTb pacxo.q neHTbl ~ ¥SSl11111.flllJ38eT 11po,D,Oll>KlllT8JlbHOCTb He
npepblBHOiii aan111c111. 

KaK111M111 >Ke MeT0AaM111 111 TexH111YecK111M111 peweH111RM111 pea11111ayiorcR ece nepe4111cneH
Hble <l>YHKUllllll? 3A8Cb HBAO pa3nlll48Tb ABa HanpaeneH111R: nepeoe MO:>KHO Ha3BaTb Mexa
Hlll4eCKlllM, CBR3aHHblM c KOHCTpy111poeaH111eM Ill coeepweHCTBOBaHllleM KlllHeMaTlll48CKOiii 
cxeMbl MarH111rocpotta, "' eropoe - aneKTPOHHl:ilM, a11eMeHTb1 KOToporo 06ecne4111eaior 
np111eM, o6pa60TKY Ill rpaHcnopTlllpOBKY acex 3lleKTplll4eCKlllX ClllrHanOB Ill KOOPAlllHal..\llllO 
pa60Tbl BCBX ClllCT0M Ill M0XaHlll3fy10B aBTOMaTlllJ<lll Ill C0PBlllC8.. 

Ta611111u.a 6 

HOPMbl rocroe HA OCHOBHblE nAPAMETPbl "ACCETHblX MArHl.1TQr.bOHCB 

.. 

HOPMbl MS P83HblX rpynn cncllCllOCTl! 
ncwaM~TJJ 

1 2 3 4 BblCWBR 

0TKJJOHeH1'1e CKOpocrn MSrHlllTHOl-1 neHTbl ±1,5 ±1,5 ±2,0 ±2,0 ±2,0 
OT HOMlllHSJlbHO)ii, % 

Koa<1><1>1111.1111eHr Aero11a4111..,, %, _tie 6one~ 0,12 0,15 0,2 0,3 0,4 

,ll,111ana30H eocnpOlll3BOAll1MblX 'lSCTOT, r1.1. 
He Y>J(e: 

AJlfl CTa1.11110HapHblX MOAenel-1 81,5 ... 31,5 ... 40 ... 40 ... -
4!0000 20000 14000 12000 

AJlfl nepeHOCHbJX MOAenel-1 - - 63 ... 63 ... 63 ... 
12500 10000 10000 

Koa<1><1>1111.1111eHr rapMot1111K, %, 11e 6onee 2,0 2,5 3,0 4,0 5,0 

OrHoc111renbHb1"1 ypoeeHb wyMo,e 
111 noMex, A6: 

,ll,Jlfl cra1.41110HapHblX MOAenel-1 -56 -56 -54 .,..43 -
AJlfl nepeHOCHblX MOP,eneA - - -50 -48 -41 

, 
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K111HeMaT11t4eCKl/le CX0Mbl KacceTHblX MarHlllTOcl>OHOB sa MHOrllle rOAbl 3BOnlOt.tllllll 
K ceroAHSIWHeMy AHIO AOCTl/lrnlll TaKOH CTeneHlll coeepweHCTBa, 'fTO Q)f(lllA8Tb I/IX cyute
CTBeHHOro 1113MeHeHlllSI B 6n11t)f(aliiwee epeMSI HeT OCHOBSHllllii. CKopee ecero, eCTb OCHO
BSHlllSI nonaraTb, 'fTO B o603PMMOM 6YAYuteM KacceTHble MarHlllTOcf>OHbl Ha'fHYT OTMlll
paTb KaK MopanbHO yCTapeew1111ii BlllA 11t3Aen1111ii SPA, nocTeneHHO saMeHsisicb, 6esycnoe
HO, 6onee nepcneKT11tBHb1M111 CD-nneliiepaM111, oco6eHHO nocne Toro, KaK 6YAYT oceoeHbt 
Ill sanyuteHbl B Maccoeoe npOlll3BOACTBO Meliiepbl, AOnycKalOutlll0 OAHOBpeMeHHO c <l>YHK
t.tlllelii eocnpOlll3B9AeHlllSI Ill <l>YHKLtllllO 3an111c111 Ha KOMnaKT-Al/ICKM. 

'-ITO )f(e KacaeTCSI Ka4eCTBeHHblX noKa3aTenelii cyuteCTBYIOLl.t111X cerOAHSI KacceTHblX 
MarHlllTOcf>OHOB, TO OHlll xapaKTep1113YIOTCSI HOpMaMH fOCT, np111eeAeHHblMll1 B Ta6n. 6. 

B saKn10'feH111e cneAyeT eute pas nOA4epKHYTb, 'fTO np111eeAeHHOe 3HaKOMCTBO c Mar
HlllTHolii ClllCTeMolii 3BYK03an111c111 siensieTCSI, 6esycnOBHO, O'leHb o6utll1M, ecn111 He CKa3aTb 
noeepXHOCTHblM. B XOAe 3Toro 3HaKOMCTBa B006ute He 6blnll13aTPOHYTbl TaKl/le BDHelii
w111e COCTaBnSllOutllle MarHlllTHOlii 3an111c111, KaK BblCOKO'faCTOTHOe nOAMarHll1'll/IBaH111e neH
Tbl, o6sisaTenbHasi KoppeKt.tlllSI A'-IX KaHanoe san111c111111 eocnpo111seeAeH111S1, coepeMeHHble 
c111cTeMbl wyMonoAaeneH111si, pacnono)f(eH111e seyKOBblX AOPmKeK Ha MarHlllTHOlii neHTe 
np111 ABYXKaHanbHOlii CTepeo- 111n111 'leTblpexKaHanbHOlii MOH03an111c111 Ill np. 

3TO 06bSICHSleTCSI TeM, 'lTO Haw cerOAHSIWHlllH ypoeeHb noArOTGBKM npOCTO He no-
3BOnsieT 3aHSITbCSI caMOCTOSITenbHblM KOHCTpy111poeaH111eM MarHHTOcf>oHa, a OTCYTCTBllle 
cnet.t111anbHolii annapaTYPbl - AS)f(e npocTO Kean111<1>1111.t111poeaHH01ii peryn111poeKolii roTO
eoro npoMblwneHHoro annapaTa. 

noaTOMY 6onee nOAp06Hoe 3HaKOMCTBO c peanbHblMlll MarHlllTOcf>OHaMlll Mbl OTnO
)f(l/IM AO ny4WlllX epeMeH, ecn111 HaM AOBeAeTCSI CHOBa BCTpeTlllTbCSI B TpeTbelii, 3aKnlO'llll
TenbHOlii KHlllre 3TOlii cep111111. 

Ypox 2. OfillJAR METOLIMKA 
3flEKTPO- M PALIMOM3MEPEHMM 

3TOT ypoK Mbl Ha4HeM He coeceM o6bl4HO: He c TeopeTlll4eCKlllX nono)f(eHllllii, a c 
048Hb npoCT8HbKOlii KOHKpeTHOH pa60Tbl. 

"'1MeeTCSI aneMeHTapHbllii TpaH3111CTOPHbllii yc111n111TenbHbllii KaCKBA, cxeMa KOToporo 
111306pa)f(eHa Ha p111c. 86. Ha cxeMe yKa3aHbl HOMlllHanbl pe3111CTopoe, BXOAS!utlllX B Kac

KBA, a Taae een111411tHbl Hanpsi)f(eH111lii Ha aneKTPOAax 
+ 10 8 TpaH3111CTopa 111 lllCTO'lHlllKa n111TaH111si. CxeMa nonHoc

TblO 111cnpaeHa, yc111n111Tenb HopManbHO pa6oTaeT. 
Rt H~HO TOnbKO y6eAlllTbCSI B TOM, 4TO ct>aKTlll4eCKllle Ha-

90 K 

R2 
10 K 

P111c. 86. CxeMa npocTOro 
yc111n111TenbHoro KaCKaAa 

Ha 6111nom'lpHOM TpaH3111CTope 
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npSl)f(8HlllSI nonHOCTblO COOTBeTCTBYIOT yKa3aHHblM Ha 
cxeMe. 

Aeno 3TO nycTsiKoeoe. 5epeM CTOS1ut1111ii Ha nonKe 
TeCTep, YCTaHae11111eaeM nepeKnlO'laTellb WKan Ha no-
31111.tllllO «10 B» 111 nOAKnl04aeM utYnbl np1116opa K BblBO
AaM lllCT04HlllKa n111TaH111S1. CTpenKa np1116opa oTKnOHSl
eTcsi nOllHOCTblO Ha BCIO WKany, nOATBep)f(AaSI, 4TO 
Hanps:t)f(eH111e 111cT04H111Ka T04HO paeHo 10 B. 

3aTeM nepeHOClllM «nn10coeolii» utYn np1116opa Ha 
BblBOA KOllneKTOpa Ill o6Hapy)f(lllBaeM, 4TO Hanps:t)f(e
Hllle Ha KOl1118KTOpe He 9 B, a 4YTb nOM8HbWe, T04Hee, 
8,92 B. Hy 4TO )f(, TaKolii pas6poc, eoo6ute roeops:i, 



enonHe eo3MO)KeH. Ho HBCTOS1~1111ii ciopnp1113 0)1{"1,D,aeT Hae, Korp,a Mbl nepeKnl04111M wKa
nbl TecTepa Ha no3111~11110 «1 B» 111 np111no)KlllM nniocoeolii ~yn K BblBOAY 6a3bl. BMecTo 
O)Klllp,aeMoro 1 B TeCTep noKa)KeT ecero n111wb .•. 0,52 B. 

Yeb1, 3To HecoMHeHHbllii cl>aKT. Mbl celii"lac 6yAeM caMblM AOCKOHanbHblM o6pa3oM 
pa36111paTbCSI B 3TOM KOHKpeTHOM cny"lae. 

Ha4HeM co CMeWHOro Ha nepebllii B3rnSIA eonpoca: «l.fTO 3Ha4111T 1113Mep111Tb Hanpsi
)KeH111e?» 0TnO)KlllM Ha MlllHYTY ASnbHeliiwee 4TeH111e Ill nonblTaeMCSI caMOCTOSITenbHO, 
a rnaeHoe epa3yM111TenbHO 0TeeT111Tb Ha 3TOT eonpoc. OraeT, eeposiTHO, 6yAeT 3By4aTb 
np111MepHO TaK: «H~HO B3SITb np1116op, paCCLllllTaHHbllii Ha 1113MepeH111e lllMeHHO TaKoro 
8"1,D,a Hanpsi)KeH1111ii, Bbl6paTb WKBny, COOTB8TCTBYIO~YIO 0)KlllAaeMOlii een111L1111He 1113Mepsi-
8MOro Hanpsi)KeH111si, noAC00AlllHlllTb ~ynbl np1116opa K 1113MepsieMolii ~en111 111 no OTKnoHe
HllllO CTpenKlll «C4111TaTb» co WKanbl COOTBeTCTBYIO~ee noKa3aHllle». 

OTeeT a6con10THO npae111nbHb11ii. 
«A KaKOlii lllMeHHO np1116op H~HO B3SITb ?» 
BMecTo OTeeTa B03bMeM TBK Ha3b1eaeMb11ii no CTap111HHolii np111eb1L1Ke naMnoeb11ii 

eonbTMeTp 111 c ero noMO~blO e~e pa3 1113Mep111M pe)KlllM TpaH3111CTopa e Hawelii npo
CTeHbKOlii cxeMe. YcTaHoe111M WKany eonbTMeTpa Ha no3111~11110 «10 B» 111 npo1113eeAeM Te 
)Ke CaMble 3aMepbl. np1116op nOK8)1{8T pOBHO 10 8 Ha BblXOAe lllCTOLIHlllKa n111TaHlllSI 111 poe
HO 9 B Ha KOnneKTope TpaH3111CTopa. nepeKnl04111M WKany np1116opa Ha n03lll~llllO "1 B» 
111 noAKnl04111M ~yn K 6a3e TpaH3111CTOpa. CTpenKa np1116opa OTKnOHlllTCSI AO npaeoro 
KpaliiHero 0~111<1>poeaHHoro AeneH111si, nOATeep)KA8si, 4TO Ha 6a3e TpaH3111CTopa Hanpsi
)KeH111e AeliicTBlllTenbHO paeHo TOLIHO 1 B. 

fAe )Ke ece-TaKlll lllCTlllHa? A lllCTlllHa O"leHb npocTa Ill COCTOlllT B cneAYIO~eM: nPE>K
,lJ,E (!) LleM Ha"llllHaTb LITO-n11160 1113MepSITb, H8AO coeepweHHO OAH03Ha4HO npeACTaBnSITb 
ce6e: 

1. l.fTO lllMeHHO (KaKylO een111L1111Hy, KaKOlii napaMeTp) Tbl co6111paeWbCSI 1113MepSITb. 
2. MoryT n111 e MOMeHT 1113MepeH111S1 e 1113MepsieMolii ~en111 np111CYTCTeoeaTb APYrllle 

Cl/lrHanbl, Ill ecn111 «p,8», TO KaKlllM l/IMeHHO o6pa30M OHi/i CMOryT noen111S1Tb Ha pe3ynbTaT 
1113MepeHlllSI. 

3. BHOClllT n111 CaM 1113Mep111TenbHbllii np1116op K8Kllle-n11160 1113MeHeHlllSI B 1113MepsieMylO 
~enb (111n111 cxeMy), Ill ecn111 «p,8», TO KaKOB xapaKTep 3TlllX 1113MeHeHllllii Ill KaK 3Tlll 1113MeHe
HlllSI HenocpeACTBeHHO 0Tpa3SITCSI Ha KOH84HOM pe3ynbTaTe 1113MepeHlllSI. 

4. KaKolii 111MeHHO Tllln np1116opa cneAyeT eb16paTb MS! 1113MepeH111si, 4T06bl c y...eTOM 
BnlllSIHlllSI nyHKTOB «2» Ill «3» KOHe'lHaSI norpeWHOCTb 1113MepeHl/ISI OKa3anacb MlllHlllManbHO 
B03M0)KH01ii. 

5. KaK Ha1116onee npae111nbHO Ill TO'lHO O~HlllTb peanbHYIO norpewHOCTb 1113MepeHlllSI, 
KOTopasi a6conioTHO He11136e)l{Ha np111 nio6oM 1113MepeH111111 nio6oro aneKTp1114ecKoro na
paMeTpa np1116opoM nio6oro Tl/Ina. 

A Tenepb, yceo111e STiii a36Y4Hble lllCTlllHbl, eepHeMcsi K Hawelii npo6neMe 111 nocMoT
p111M BHlllMaTenbHO Ha p111c. 87, Ha KOTOPOM 111306pa)KeHa cxeMa BOnbTMeTpa nOCTOSIH
HOro Hanpsi)KeHlllSI, BXOASl~asi B Haw Tec-
Tep. 0Ha HaCTOnbKO npocTa, 4TO He Tpe6y
eT KOMMeHTap111si, 3a lllCKnl04eHllleM OAHOro 
3aMeL1aH111si. nonHoe conpoT111eneH111e ca
Moro np1116opa Ha wKMe e 1 O B cocTaensi
eT 100 KOM, a Ha wKane e 1 B - 10 KOM. 
:3TO Ill nOHSITHO, nOTOMY 4TO np111 nonHOM 
OTKnOHeHllllll CTpenKlll np1116opa KaK Ha OA
HOlii, TaK 111 Ha nio6olii APYrolii wKane een111-
L1111Ha TOKa 4epe3 1113Mep111TenbHYIO ronOBKY 
AOn)KHa OCTaBaTbCSI Hel/l3MeHHOlii Ill CO
CTaBnSITb e HaweM cny"lae 100 MKA. 

)=100 MKA 

r=600 OM 

P11c. 87. np111H1..1111n111anbHaR cxeMa 
AByxnpeAenbHoro eonbTMeTpa 

nOCTORHHOro HanpR)l(eHlllR 
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+10 8 
RHArP 

1 K 

---, 
I 

~RnPH50PA y 100 K 

I 
I 
I 

P111c. as. 3KBHBaneHTHaS! cxeMa KOJ1J19KTOp
HQiii 1..1en111 noc11e nOAKI110YeH111S1 recrepa 

r----
1 
I 

RnPH50PA ~ 
10 K y 

I 
I 
I 
L...----

+10 8 

R1 
90 K 

+0,52 8 

R2 
10 K 

P111c. 89. :3Ke111eanelHTHal1 cxeMa 6a3o
eoiii 1..1en111 noc11e noA1U110YeH111si recrepa 

A 3TO B03MO>KHO mAWb B TOM CnY'"'a9, ecn111 c nOBblW0Hlil0M np111nO)l(0HHOro HanpS1)1(0-
HMSI 0AHOBP0M0HHO Iii nponOPL\lllOHanbHO 6y,a,eT B03pacTaTb Ill senW4111H8 ,a,o6aB04HOro 
c()npdTMBneHHSI, BK1llO'f0HHOro OOC110,D,OB8T01lbHO C 1113M0plilT9nbHOA rOJlOBKOA. 8 peaynb
l'ate OK83blBaeTCSI B03MO)l(Hb1M BB0CTlll B 06pa~eH111e 040Hb Ba>KHblA noKa3aTenb, xapaK
Tep111ayio~1111i1 mo6olil eonbTMeTp. OH onpe,a,ensieT BHyrpeHHee conpoT111aneH1tte np1116opa 
rtp~ 111sMepeHHlll Ha mo6olil wKane 11 BblpIDKaeTcA OTHoweH111eM KOM/B (111n111 MOM/B). 
S HaweM CllY'"'ae 3TOT noKaaaTenb AJlSI TecTapa oocraent1eT 10 KOM/B. 

3To ,a,aneKo He ny4w111lil noKaaaTenb, HO 111 He caMbllil xy,a,w111lil. Ho OH coeepweHHO 
O,D,H03H84HO onpe,a,ensieT ,a,onyCTlllMble rpaHHl..lbl 14CnOnb30B8HlllSI AQHHOrO np1116opa nplil 
beyi.uecTBneHHlll 111aMepeH111lil. 

noCMOTplilM, 4TO )1(0 BC0-TaKlll npOL430WnO, KOr,D,a MIDI nO,D,KJll0411'1nlil T9CTep K KOllneK
TOpy rpaH3111CTopa, ycTaHOBlllB nepeK1ll04aTe11b Ha WKany "10 B». 3TlllM CBOlllM ,a,elilCTBlll
eM Mbt Hapyw11111111 cxeMy ycvm111Tensi. Ecn111 AO Hawero BMewaTenbcTea KonneKTOpHasi 
uenb cocTosina via ,a,eyx nocneAOBaTenbHO coe,a,111HeHHblX conpoT111eneH111lil (conpoT111ene
H111si HarpyaK111 e 1 KOM 111 BHyrpeHHero conpoT111eneHL4S1 TpaH3111CTOpa e 9 KOM), 06yc11oe
n111saew1ttx np111 HanpS1)1(9Hllllil lllCT04HlllKa 10 B TOK B L\9nlll, T04HO paBHbllil 1 MA, TO Tenepb 
napanne/lbHO eHyrpeHHeMy conpoT111eneH11110 TpaHa111cTopa OKa3a11ocb nOAK11I04eHHblM 
BHyrpeHHee conpoT111eneH111e np1116opa, 111 sKe111eaneHTHasi cxeMa KonneKTOpHolil L\en111 
yc111n111Tensi cTana eblrnSIA9Tb, KaK Ha p111c. 88. 

B peaynbTaTe 111aMeHL4110cb no11Hoe conpoT111e11eH111e KonneKTopHolil 1..\9n111, a nocK011b
KY HanpS1)1(9Hllle lllCT04HlllKa OCTallOCb H91113M9HHblM, TO, ecTeCTB0HHO, 1113M0Hlll11CSI (803-
poc) 111 06~111lil TOK e KonneKTopHolil L\en111, 4TO np111eeno K nepepacnpeAeneHllllO nafJ,eH111lil 
HanpR)l(0HlllSI Ha pe3111CTOpe Harpy3Klll Iii caMOM TpaH3111CTOpe. 

Ho nocKOllbKY BHyrpeHHee conpoT111e11eH111e npl46opa Ha WKane B 10 B 6onee 4eM 
B 10 paa npeBblWallO BHyrpeHHee conpOTlllBn9Hllle TpaH3111CTOpa, WYHTlllPYIO~ee ,a,elil
CTBllle np1116opa OK83aJlOCb H93Ha4111T911bHblM, a nOTOMY Mano OTpa3111110Cb Ha peayllbTa
Te 1113MepeH111S1 (8,92 BMecTo 9,0 B). Ow1116Ka cocTae111na ecero 1%. 

CoeceM lllHOlil oKa3anacb KapTlllHa, Kor.a.a Mbl cTan111 1113MepsiTb Hanpsi)l(eH111e Ha 6aae. 
3KBlllBa110HTHaSI cxeMa 6a30BOlil L\9nlll nocne nOAK1ll049HlllSI B011bTM0Tpa 111306pa)l(eHa Ha 
p111c. 89. no3TOMy, KaK Ill CJ19,D,OBa110 0)1(111,D,aTb, pe3y11bTaT 1113M0p0HlllSI 6bl11 npe,a,onpe,a,e-
110H aapaHee HerpaMOTHblM Bb160pOM cpe,D,CTBa 1113MepeHlllSI. 

OcTaeTcsi A06ae111Tb, 4TO ec11111 6b1 Mbl B3AYMan111 TaK111M )1(0 o6pa30M 1113Mep111Tb Ha
npsi)l(eH111e Ha 3aTeope noneeoro TpaH3111crnpa, TecTep noKa3an 6bl no11Hoe 0TcyrcTe111e 
KaKoro 6bl TO Hiii 6bl110 HanpS1)1(9HlllSI, 'lTO H9MlllHY9MO np111ee110 6bl Hae K JlO>KHOMY 
3AKJllO'"IEH"1IO 0 Ha111114111111 B cxeMe He111cnpaBHOCTlll. 
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npoBeAR 3TOT ManeHbKlllUI 3KCnep111MeHT, Mbl BlllAlllM, "ITO B TeXHlllKe 3neKTPO-, a OC0-
6eHHO paA11101113MepeHlllUI nopoUI 6blBaeT He06XOAlllMO Y"llllTblBaTb Ill np111H111MaTb BO BHlll
MaH111e MHO>KeCTBO o6CTORTenbCTB, Ka>KY~lllXCR Ha nepeblUI B3rns:l,A Hecyl,1'eCTBeHHblMlll, 
111rHop111poeaH111e KOTOpblX MO>KeT np111eeCTlll He TOnbKO K KOnlll"leCTBeHHOUI ow1116Ke, HO Ill 
K HeeepHblM BblBOAaM Ill 3aKnlO"leHlllRM, KaK B HaweM np111Mepe (oco6eHHO c noneBblMlll 
TpaH3111CTOpaMlll). 

K 3TOMY MO>KHO A06ae11tTb, •ffo ecn111 6b1 HaM np111wnocb e np111eeAeHH0'1 cxe~e 1113-
MepRTb He nocTORHHbte, a nepeMeHHble HanpR>KeHlllR Ha sneKTPOAaX TPSH3111CTOpa, 
Aa K TOMY >Ke He Ha 3BYKOBblX, a Ha PaAlllO"laCTOTaX, TO B AOnonHeH111e K Y>Ke l't313eCTHblM 
TPYAHOCTRM np111wn0Cb 6bt 3apaHee npeABlllAeTb, K8K CKS>KYTCR Ha pe3ynbT8T8X 1113-
MepeHlllR BHeCeHHble np1116opaM AOnanH111TenbHble eMKOCT!:> Ill lllHAYKTlllBHOCTb caMora 
np1116opa, AnlllHa caeAlllHlllTenbHblX npOBOAOB Me)l(Ay np1116opOM Ill 06beKTOM 1113Mepe
HlllR, Bbl60p TO"IKlll 3a3eMn0HlllR KaK np1116opa, TaK Iii 06beKTa 1113MepeHlllR Iii r. n. VI ece 
3Tlll "laCTHble eonpocbt l'te TOnbKO yYeCTb, HO Ill oueHl4Tb K011111"19CT&&HHO, "IT06bl BHeCTlll 
COOTBeTCTBYIO~llte KOppeKTlllBbl B noKa3aHlllR np1116opa npM 0U9HKe peaynb"tata 1113Me
peHl/IR. 

Tenepb nocne 3Tora He6onbwara, HO nayY111TenbHOro 31<Cnep111MeHTa enonHe MO>KHO 
nepeUITlll Ill K OCHOBHOUI TeMe ypoKa. 

A HaYHeM Mbl c Ha1116onee Ba>KHora o6~era eonpoca - c MaTponor111Y~CKQ!it TepM111-
Honor111111, 6e3 3H8HlllR KOTOpaUI O"leHb TPYAHO 1113Y"l8Tb cnel-'lllanbHYIO yYe6Hyl() Ill cnpa
BO"IHYIO n111Teparypy Ill 111cnonb30B8Tb CBOlll 3H8HlllR B npaKT111Ke 1113MepeH111UI. 

VITaK, H8"1HeM c C8MblX a30B, T. e. C8MblX npOCTblX no11RT11tUI. 
Vl3MEPEHVIE - H8XO>KAeHlll0 "llllCneHHOrQ 3Ha"leHlllR <l>11131d!-!0CKOUI B0fllll"1"1Hb,1 nYT0M 

111cnonb30BaHlllR cneu111anbHblX TeXHlll"leCKlllX cpeACTB Ill cneUHanbHblX MeTOAlllK. 
nP~MOE Vl3MEPEHVIE - 1113MepeHlll0, np111 KOTOPOM TeXHlll"leCKOe cpeAC"t~O cpaay 

Ill HenocpeACTBeHHO onpeASnReT eenlll"llllHY lllM8HHO AaHHOro napaMerpa. 
KOCBEHHOE Vl3MEPE'.HVIE - 143MepeH111e, np111 KOTOPOM TeXHlll"leCKOe cpeA<'.'.TBO 

npOlll3BOAlllT npRMOe 1113MepeHllte, a peaynbT8T 1113MepeHlllR aueH111eaeTCR KBK 113E!0CTH8R 
c!>YHKUlllR 1113MepReMora napaMeTpa OT lllTOra npRMOro 1113MepeHl/IR. 

Knacc111"1eCKlllUI np111Mep KOCBeHHOrO 1113MepeHlllR - 1113MepeH111e HanpR>KeH"'1R c no· 
MO~blO T0CTepa. 

Ha caMoM Aene 1113Mep111TenbHaR ronoeKa TecTepa pearnpyeT TOnbKO Ha '!len111Y111Hy 
TOKa, npoTeKaio~ero Yepea nOABlll>KHYIO paMKY 111 Bb13bleaio~ero noeopoT paMKlll Ha TOT 
111J1111 111Hot4 yron. A KOHCTPYKTOPbl np1116opa, lllCXOAR 1113 111aeecTHOUI cpyHKUlllOHanbHOill 3a
e111c111MOCT11t Me>t<Ay eenlll'·llllH8Mlll TOKa 14 HanpR>KeHlllR (38KOH 0Ma), rPaAYlllPYIOT w~any 
np1116opa, np111cea111eaR Ka:>KAOMY yrny noeopoTa paMKlll (111 >KeCTKO CBR3a.HHOUI c paMKOH 
crpenKoUl-yKa3areneM) ro 111n111 111Hoe 3HaYeH111e HanpR>1<eH111R (e rax 111n111 111Hb1x e.i:i111H111uax 
1113MepeHlllR). 

CPE,D,CTBO Vl3MEPEHVI~ - rexH111YecKoe cpeAcreo, cneu111anbHO npeAH83HaYeH
HOe MR npoBeAeHlllR MeTpOnOrlll"leCKlllX onepau111U1 Ill o6na,o,aio~ee HOpM111poeafiHblMlll 
MeTponorn"leCKlllMlll CBOHCTBaMlll. 

Vl3MEPVITEJlbHbl"1 nPV160P - cpeACTBO 1113MepeHllll't, npeAH83Ha"leHHOe MR Bbl
pa60TKlll c111rHana 1113Mep111renbHOUI 11tHcpopMau111111 (T. e. c111rHana, COAep>Ka~ero 1<on111Ye
creeHHYIO 111HcpopMau11110) 06 1113MepReMOUI cplll3111"1eCKOt4 eenl/l"llllHe B cpopMe, AOCrynHot4 
MR HenocpeACTBeHHOro eocnplllRTlllR onepaTOpOM. 

E,D,lllHlllL..l,A 1113MEPEH"1~ - KOTllll"leCTBeHHOe Bb1pa>1<eH111e TOi-l 111n111 lllHOUI <l>1113111"1eCKOl7t 
eenlll"llllHbl, pa3Mep Ill pa3MepHOCTb KOTOpollt y3aKOHeHbl Me)l(AyHapOAHblMlll cornaweHlll
RMlll MR cooreercreyio~et4 c111creMbl ep,111H111u e Ka"lecree ocHOBHO~ Mepb1. Apyrne eA111-
HlllUb1 STOH cplll3111"1eCKOVt Befllll"llllHbl MOryT o6pa30BblBaTbCR 1113 OCHOBHOllt eAlllHlllUbl KpaT
HblM 111n111 AP06Hb1M npeo6pa3oeaH111eM. 
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Ta6ni.1L1a 7 

nPll'!CTABKll! ,llJUI 0603HAYEHll!SI KPATHblX Ill ,llP06HblX E,llll!Hll'!'-' 

CooTHoweH11e 
0603H8'10H11e COOTHOWeH11e 

0603Ha'leH11e C OCHOBHOiil 
naT./pyc. 

Ha11MeH0BaH11e C OCHOBHOiil 
naT./pyc. 

Ha11MeHoeaH11e 
e,Ql1Hl11..1eiil e,Ql1Hl1L1eiil 

101s E(S) 3KC8 10-1 d (A) Ae1..1111 

1015 P(n) nera 10-2 C (C) C8HTlll 

1012 T(T) Tep a 10-3 m(M) M111nn111 

109 G (r) rnra 1()-8 µ(MK) MlllKPO 

106 M(M) Mera 10-9 n (H) H8HO 

103 k (K) KlllnO 10-12 P (n) nlllKO 

102 h (r) reKTO 10-15 f (cl>) cl>eMTO 

101 da (Aa) A0K8 10-1s a (a) 8TTO 

Ha BCSIKlllUI cny'laUI, ecn111 B03HlllKHeT He06XOAlllMOCTb, MO)f(HO eocnonb30BaTbCSI 
Ta6n. 7, rAe 3Tlll KpaTHble 111 AP06Hble eAlllHlllL\bl HaaeaHbl no111MeHHO. 

STAJlOH E,D,lllHlllUbl - CP9ACTBO 1113MepeHlll'11 (111n111 KOMnneKC TaKlllX cpeACTB), o6ec
ne'l111Bal0~111'11 xpaHeH111e Ill eocnpOlll3BOACTBO AaHHOUI Ql1113111'leCKOA eenlll'llllHbl c L1enb10 
nepeAa'l111 ee paaMepa o6pa3L\OBblM 111 pa6o'l111M cpeACTBaM 111aMepeH1111it. 

05PA3UOBOE CPE,D,CTBO 111aMepeH111si - Mepa, 111aMep111TenbHb1iit np1116op 111n111 111aMe
p111TenbHb1iit npeo6paaoeaTenb, yTBep)l(AeHHble e ycTaHoeneHHOM nopsiAKe e Ka'lecTee 
o6pa3L\OBblX, npeAHa3Ha'leHHble AnSI npoeepK111 no HlllM APYrlllX cpeACTB 111aMepeH111A. 

PA501.fEE CPE,D,CTBO 111aMepeH111S1 - cpeACTBO, npeAHaaHa'leHHoe AnSI npaKT111L1e
CKoro 111cnonbaoeaH111si, He cesiaaHHoro c nepeAa'leA paaMepa eAlllHlllL\. 

PE3YJ1bTAT 1113MEPEHllls:I - aHaL1eH111e een111'l111Hbl, HaAAeHHOe nyTeM ee 111aMepeH111si 
111 onpeAensieMoe no noKaaaH111S1M CP9ACTB 111aMepeH111si. 

nOKA3AH"1E cpeACTBa 111aMepeH111si - aHa'leH111e 111aMepsieMoA een111L1111Hb1, onpeAe
nsieMoe no OTC"leTHOMY ycTpOUICTBY cpeACTBa 1113MepeHlllSI Ill Bblpa)f(eHHOe B nplllHSITblX 
eAlllHlllL\ax 3TOH eenlll4111Hbl. 

OTCl.fET - L1111cno, OTC'llllTaHHoe no OTC'leTHOMY ycTpolitcTey cpeACTBa 111aMepeH111si 
n11160 nonyL1eHHOe nyTeM C4eTa nocneAOBaTenbHblX OTMeTOK (PlllCOK) 111n111 ClllrHanOB. 

TaKoea nepeasi nopl..\lllSI TaK HaableaeMblX 06~111x eonpocoe 3neKTpopaA1110111aMepe
H111A, aa KOTopoA cpaay )Ke nocneAYIOT 111 APYrne, He MeHee ea>KHble. 

"1 OAHlllM 1113 Ba>KHeHWlllX nOHSITlllH siensieTCSI nOHSITllle (a T04Hee - ABa pa3HblX nOHSl
TlllSI), KOTOPble HlllKOrAa He cneAyeT nyTaTb Ill KOTOpble, K CO>KaneHllllO, ... a~e ecero KaK 
paa 111 nyTalOT. 

05bEKTOM "1CCJ1E,D,OBAH"1Lll SIBnSllOTCSI KOHKpeTHble npeAMeTbl, ycTpOHCTBa, cxe
Mbl, MexaHlll3Mbl, xapaKTep111ayio~111ecsi TeM111 111n111 lllHblMlll Q>111a111L1ecK111M111 een111'l111HaM111. 

05bEKTOM 3JlEKTPOPA,D,"10"13MEPEH"1Lll SIBnSllOTCSI 3Ha4eHlllSI Ql11131114eCKlllX een111-
"llllH, xapaKTep111ayio~111x o6beKT 111ccneA0BaH111A. K np111Mepy, o6beKTOM 111ccneAOBaH111si 
MO>KeT SIBnSITbCSI KOHAeHCaTop, a o6beKTOM 1113MepeHlllSI - eenlll'llllHa ero eMKOCTlll, TaH
reHc yrna noTepb, een111"1111Ha yTe"IKlll 111 T. n. 

noaHaKOMlllMCSI co cneAYIO~eA Ta6n111L1elit Ill y69AlllMCSI, 'lTO AnSI Ka)l(AOro BlllAa 1113Me
peHlllH npoMblwneHHOCTblO BbinycKalOTCSI yaKocneL1111an111a111poeaHHb1e np1116opb1, Haa
Ha'leH111e KOTOpblX ecerAa OTpa)f(aeTCSI B caMOM Ha111MeHOBaHllllll np1116opa (Ta6n. 8). 
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0603HB'leHllle 
no,D,rpynnbl 

A 

B 

E 

M 

p 

'-I 

Cl> 

c 

x 
l'1 

n 

y 

r 

A 
K 

n 

w 
S1 

a 
6 

rpynnbl nPlt160POB OTEYECTBEHHOro nPOlt13BO,IJ,CTBA, 
nPE,IJ,HA3HAYEHHblX ,IJ,JlS1 PA3Jllt1YHblX 8111,IJ,OB lt13MEPEHll1111 

nonHoe Ha111MeHoeaH111e no,D,rpynnb1 

np1'160pbl AJlSI 1'13M8p8Hl'1SI TOKa 

npl'160pbl ATISI 1'13MepeHl'1SI HanpSl:>K8Hl'1SI 

Ta6n1111-'a 8 

npl'16opbl ATISI 1'13MepeHl'1SI napaMeTµOB KOMnOH8HTOB l'1 L\8nelii c COCP8AOT0"18H-

HblM1'1 noCTOSIHHblMl'1 

npl'160pbl AflSI 1'13MepeHl'1SI MOU4HOCTl'1 

npl'16opb1 AflSI 1'13MepeHl'1si napaMeTµoe sneMeHToe c pacnpSAeneHHblMl'1 

nOCTOSIHHblMl'1 

npl'160pbl AflSI 1'13M8p8Hl'1SI '18CT0Tbl l'1 Bp8M8Hl'1 

npl'160pbl AflSI 1'13M8p8Hl'1SI pa3HOCTl'1 cf>a3 l'1 rpynnOBOrO Bp8M8Hl'1 38n83AblB8Hl'1SI 

np1'16opbl AflSI H86n1QD,8Hl'1SI, 1'13MepeHl'1SI l'1 1'1CCn8AOB8Hl'1SI cf>OpM Cl'1rHanOB 

l'1 cneKTPa 

np1'160pb1 AflSI Ha6n10,D,eHl'1S1 l'1 1'1CcneAOBaHl'1si xapaKTePl'1CTl'1K P8Al'10YCTPOliiCTB 

np1'16opbl ATISI 1'13MepeHl'1SI 1'1MnynbCHblX Cl'1rHMOB l'1 npOL\8CCOB 

np1'160pbl AflSI 1'13MepeHl'1SI Hanpsi:>KeHHocrn nonsi l'1 ypoeHsi noMex 

1'13M8Pl'1TenbHbl8 YCl'1nl'1Tenl'1 

1'13Mepl'1TenbHb1e reHepaTopbl 

ArreHKJaTOpbl l'1 np1'160pb1 AflSI 1'13MepeHl'1SI ocna6neHl'1SI Cl'1rHanoe 

KoMnneKCHble 1'13Mep1'1TenbHb1e ycraHOBKl'1 

npl'16opb1 061!.(ero npl'1MeHeHl'1SI ATISI 1'13MepeHl'1si napaMeTµoe sneKTPOHHblX naMn 

l'1 nonynpOBOAH1'1KOBblX np1'16opoe 

np1'160pb1 ATISI 1'13MepeHl'1SI aneKTµl'1"18CK1'1X l'1 MarHl'1THblX CBOliiCTB MaTep1'1anoe 

6JtOKl'1 1'13M8Pl'1TenbHblX npl'16opoe 

1'13Mepl'1TenbHble YCTPOliicTBa KoaKCl'1MbHblX l'1 eonHOBOAHblX TµaKTOB 

1'1cTO"IHl'1K1'1 nl'1TaHl'1SI AflSI 1'13MepeHl'11ii l'1 P8Al'10l'13Mepl'1TenbHblX npl'16opoe 

noMLllMO OTH9C9HLllSI TOrO Lllnlll LllHOrO np1116opa K OAHOlfl 1113 nepe'ILllCneHHblX nOArpynn, 

see np1116opb1 npLllHSITO nOAPa3AenSITb Ha noKa3blBalOW.L119 Lii pernCTPLllPYIOW.1119, np11160-

Pbl HenocpeACTBeHHolfl OL-'eHKLll 111 np1116opb1 cpaeHeH111S1. 

no ycTpolflcTBY Lii KOMnOH9HTaM KOHCTPYKL-'111111 np1116opbl noApaaAenSllOT Ha sneKTPO

MexaHLll'l9CKLll9 Lii sneKTPOHHble. 

B CBOIO O'!epeAb 3neKTpOMexaHLllY9CKLlle np1116opbl A9nSITCSI Ha MarHLllT03neKTPLll'l9C

KLll9, e ycnoeHoM 06oaHa1.1eH111111 KOTOPblX A06aeneHa 6yKea M, sneKTpoMarHL11THb1e (6yK

ea S), sneKTpocTarn1.1ecK111e (C), sneKTPOA111HaM111YecK111e (A). B np1116opax MSI 111aMe

peH111S1 nepeMeHHblX TOKOB 111 Hanpsi)l(eH111"1 (eblnpS1ML11TenbH0"1 c111CTeMb1 - 6yKea LO 
111cnonbayeTCSI BCTpoeHHbllfl BblnPSIMLllTenb Lii L113Mep111TenbHbl"1 MexaHLll3M MarHLllT03neKT

PLllY9CK0"1 CLllCT9Mbl, B np1116opax T9PM03neKTPLllY9CKLllX (T) - TepMonapa Lii MarHLllT0-

3J19KTPLllY9CKLll"1 Lll3Mep111Tenb. 
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N2 
n/n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Ta611 Ill !..\a 9 

YCJ108Hb1E 0603HAYEHVISI HEKOTOPblX lil3MEPVITEJlbHblX nPVl60POB 

Ci4M80Jl YCJlOBHOe N!! ClllMBOJl YcnoeHoe 
no Ha111MeHoeaH1-1e 0603HB· n/n 

no Ha1-1MeHoeaH1-1e o6o3Ha-
MSK-51 <1eH111e MS~51 <1eH1-1e 

8-1 nocTOflHHbli'i TOK - 13 F-3 MarH111TosneKTp111YecK111i'i 

~ 
8-2 nepeMeHHbli'i TOK 

np1116op c nOABlll>KHblM 
'V MarHlllTOM 

8-3 noctos:iHHblfli 111 nepeMeH- - t: Hbli'i TOK 'V 14 F-5 3neKTPOMaf"HlllTHb1'1 np111-
6op 

C-2 1113Mep111TenbHas:i u,enb 11130-
n'1f)oea+m OT Kopnyca 111 ~ 

15 F-8 SneKTpo,o,111HaMw-1ecK111i'i $ 
lllCnblTaHa Hanps:i>KeHllleM, np1116op 
npeBblWBIOll.\lllM 500 a, 
Hanp111Mep 2 KB 16 F-9 4JeppOA"!HElMM'leCKlllill @ 

C-1 lll3Mepii1TenbHaR u,enb 11130- {) 
np1116op 

n1'1poeaHa OT Kopnyca 111 
111cnb1TaHa Hanps:i>KeH111eM 17 F-15 61.1MeTann111'!ecK111i'i ~ 
5008 np1116op 

C-3 np1116o):> "1Cnb1TaHllllO npOY- 11 18 F-18 3neKTPOCT8Tlll'!eCKllllil _j_ 

HOCTlll 11130m:U.~lillil He OOA- np1116op T 
ne>KlllT 

C-7 np1116op 11111111 ecnoMora-
19 F-20 SneKTpOHHbli'i npeo6pa-

-EO TenbHafl '!aCTb OOA BblCO- 07 
3oeaTenb s 1113Mep111Tenb-

K"1M HanpR>Kett111eM 
HOM t1en111 

A-1 np1116op np1.1MeHS1Tb np111 J_ 
20 F-22 BbmpsiM111Tenb * eepTMKanbHOM nono>Ke-

Hlillil WKaJlbl 
21 F-27 3neKTpocTaTlll'l0CKlllM 

... -, 
f I 
I I 

b-2 np1116op nplilM0HflTb nplil 3KpaH ,_ ... 
rOplil30HTaJlbHOM nono- n 
>K0Hllllil WKaJlbl 22 F-28 MarHlllTHbli'i sKpaH 0 

0-3 np1116op TIPl/IM0HS!Tb nplil 
HaKJlOHHOM TIOJlO>KeHllllll 23 F-29 AcraT111'leCK1.1i'i np1116op asf 
WKaJlbl (Hanp111Mep, TIOA /60" 
yrnOM 60°) OTHOClllT0JlbHO 
rop11130HTaJlbHOM nnoc- 24 F-32 KoppeKTop '() 
KOCTJll --

0-7 0603Ha'leH111e, yKa3b1ea- 25 F-33 BH111MaH111e!CM.Aonon-
10w,ee Ha op111eHmpoea- N 

HlllTeJlbHble yKa3aHlllfl Lh Hiiie np1116opa BO BHSWHSM e nacnopre 111 111HcrpyKu,111111 
MarHlllTHOM none no sKcnnyarau,111111 

F-1 MarH111TosneKTp111YecK111i'i 0 np1116op c nOABlll>KHOM 26 F-37 CTanbHOi'i n111cT ronw,111Holil Fex 
paMKOlil x (B MlllJ1J1111MeTpax) 

,IJ,Jlsi Toro, •ff06b1 nOJlb30eaTemo np1116opa 6blllO ner<ie op111eHrnpoeaThCS1 e ero e111Ae, 
ycTpOi1CTBe Ill cnel..\lllc!>lll'leCKlllX oco6eHHOCTS'IX, roCTOM pa3pa60TaHa Ill np111MeHS1eTCS! 
cnel..\lllallbHas:i c111Meo11111Ka, <iaw,e ecero Hattoc111Mas:1 Ha wKany cY111Tb1eat0w,ero ycTpoC1-
cTea. B rn611. 9 np111BeAeHb1 tta1116011ee yn0Tpe6111Mb1e 111 <iacTO BCTpe<iat0w,111ecsi o6o3Ha
<ieH111si TaKoro poAa. 
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Mbl nll'IWb cneri<a npll'IOTKpb1n111 3aeecy TaiiiHbl HBA TBKll'IM nOHSITll'leM, KBK 06~111e eon

POCbl aneKTPOPM111011'13MepeHll'liii 11'1 npll'I STOM AB>Ke He ynOMS1Hyn111 TBKll'le ero pa3Aenbl, 
KBK KnaCCbl TOYHOCTll'I CPeACTB 11'13MepeHll'ISI, o'-'eHKa pe3ynbTBTOB 11'13MepeHll'ISI, norpew
HOCTll'I 11'13MepeHll'ISI 11'1 norpewHOCTll'I cpeACTB 11'13MepeHll'ISI, T. e. caMll'IX 11'13Mep111TenbHblX 
np1116opoe 111 MHoroe Apyroe. 

K CO>KaneHll'llO, 06beM, a rnaBHOe - Ha3HaYeH111e STOiii KHll'lrll'I He npeAyCMaTp111eaeT 

eceo6beMnt0~ero 1113yYeH111R ecero Kypca MeTponorn111, noaTOMy np111AeTCS1 HeMHOro 

nOAO>KABTb. B cneAytO~eiii KHll'lre Mbl eepHeMCSI K STOiii TeMe Ha Y>Ke 6onee BblCOKOM 
YPOBHe, KOrAB HBM nPll'IAeTCSI HenocpeACTBeHHO pa6oTaTb c pa3nll'IYHblMll'I 11'13Mep111Tenb
HblMll'I np1116opaMll'I np111 HaCTpOiiiKe lit peryn11tpOBKe C03ABHHblX HaMll'I annapaTOB 11'1 KOHCT

PYK'-'ll'liii. 
Mbt npo~aeMcsi, nocKOnbKY STO Hawe nocneAHee TeopeTl!'IYeCKoe 3aHSITll'le eo BTO

poiii KH111re. HanocneAOK npeAnaraio e~e OAHY caMOCTOSITenbHYIO npaKT111YecKyt0 pa6o
TY - TpeXTOHanbHbliii MY3blKanbHbliii 3BOHOK. HMO >Ke, B KOH'-'e KOH'-'OB, CAenaTb XOTb 
YTO-Hll'l6yAb «AnSI AOMa, AnS'I ceMbll'I»! 

B KOHCTPYK'-'111111, KOTOPYIO npeAnaraeTCSI CAenaTb, HeT Hll'IYero He3HaKOMoro. OcHoey 

cxeMbl COCTaBnSllOT TPll'I OAll'IHBKOBblX Cll'IMMeTplilYHblX MynbTll'IBll'l6paTOpa, reHep111py

IO~ll'IX TPll'I pa3Hbte YaCTOTbl e 3ByKosoM AMana3oHe. 

R1.R5.R6.R10.R11.R15 4. 7 KOM 

R2.R7.R13 22 K 

+ [810 MK 

R4.R9.R14.R17.R18.R19 47 KDM 

R3.R8.R13 100 KDM 
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"'laCTOTa Ka>K,D,Oro MynbTlllBlll6paTOpa MO>KeT 1113MeHRTbCR B 3Ha"llllTenbHblX npeAenax 

c nOMOW.blO BblBeAeHHblX HaPY>KY nepeMeHHblX pe3111cTopoe. 

C111rHanbl ecex Tpex reHepaTOpoe 1.1epe3 ccpa3BR3b1eaiow.111e» pe3111cTopb1 noAalOTCR 

Ha BXOA o6w.ero yc111n111TenR MOW.HOCTlll, co6paHHOrO Ha TpaH3111CTOpe VT7 no cxeMe 

c TpaHC<j>OpMaTOPHblM BblXOAOM Ill HarpY>KeHHOro Ha rpOMKOroeop111Tenb. 

CxeMa n111TaeTcR OT lllCTO"IHlllKa nocTORHHoro Hanpsi>1<eH111R een111L1111Hoill 12 B, e Kalle

CTBe KOTOporo MO>KHO 111cnonb30BaTb npOCTOill BblnPRMlllTenb no MOCTOBOill cxeMe, om1-

caH111e KOTOporo np111BOA111nocb paHee. 

np111Hu,111n111anbHaR cxeMa 3BOHKa np111eeAeHa Ha p111c. 90, a p111cyHOK ne1.1aTHOill nna
Tbl - Ha p111c. 91, HO nY1.1we 3TOT p111cyHoK CAenaTb caMOCTORTenbHO. Bo-nepeb1x, 3TO 

ropa3Ao lllHTepecHee, a eo-BTOPblX, ropa3AO none3Hee. 

CxeMa HacTOnbKO np111MlllTlllBH8, "ITO np111 OTCyTCTBllllll ow11160K B MOHTa>Ke npocTO He 

MO>KeT He aapa6oTaTb nplll nepeoM :>Ke BKnlO"leHl/ll/I. BcR peryn111poeKa COCTOlllT B TOM, 

L1T06b1 np111 noMow,111 Tpex PY"leK ynpaeneHlllR noAo6paTb Ha1116onee np111RTHb1ill 111 6naro-
3BY"IHblill 8KKOPA· npe111MyW.eCTBO BblBeAeHHblX HaPY>KY pyL!eK ynpaeneHlllR COCTOlllT 

B TOM, L!TO B nio6oill MOMeHT MO>KHO 1113MeHlllTb 3BY1.18Hlll0 Ill MenOAllllO 3BOHKa, ecnYI OHa 

He HpaBlllTCR lllnYI L!epe3 KaKoe-TO epeMR HaAOena. 

npYI >1<enaHlllYI B cxeMy MO>KHO eeeCTlll Ill 06w,111ill perynRTOP rpoMKOCTlll, ecn111 B 3TOM 

B03HlllKH0T noTpe6HOCTb. KaK 3TO c,o,enaTb, RCHO Ill 6e3 AOnOnHlllTenbHblX nORCHeHlllill. 

Bb16op ecex AeTaneill, BKnlO"laR Tlllnbl TpaH3111CTOPOB, a6conlOTHO HeKplllTl/l"leH, 3a lllC

Knl0"10HllleM, no>1<anyill, BblXOAHOro TpaHc<j>opMaTOpa. Ero ny1.1we ecero 111cnonb30BaTb 

OT nio6oro KapMaHHOro TpaH3111CTOPHOro np111eMHlllK8 npe>KHlllX neT BblnycKa, nyllwe 

ecero BMeCTe c TeM rpOMKOroeop111TeneM, Ha KOTOPblill OH 6bln paCCL!lllTaH. 

O<j>opMneH111e 3BOHKa, pa3yMeeTCR, l..\0nlllKOM 3ae111c111T OT <j>aHra3111111 111 B03MO>KHOCTeill. 

,D,o BCTpe1.1111 B TpeTbeill, 3aKnlO"llllTenbHOill KHlllre! 
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