


HAYKY- BCEM! 
Weoeepbl HBY'IHo-nonynRpHoi1 numepamypbl 

Il. A. AWKMH33M 

3J1EKTPOHHblE 
IlAMnbl 

M3 npownoro e 6yAy~ee 

1113.Q8Hl.1e BTOpoe 

URSS 
MOCKBA 



EEK32.85 

AUIKHHa3H JleOHH)J, AJieKcaH)J,pOBH'I 

3JICKTpOHHblC JI8MDbJ: lfa UpODIJIOro B oy)J,yliJ;ee. J13):1. 2-e . 
. M.: lfa)laTCJihCTBO nKM, 2013. - 224 c. (HAYKY - BCEM! 

llle;:i:eBphl Ha)'11HO-IIOIIYJUIPHOH JIHTepawbI.) 

HacrmrrnruI KHHra XOTSI H IIOCBSIIIIeHa TaKOH crrenHaJihHOH o6JiacTH TCXHHKH, 

KaK 3JICKTpOHHhIC BaKYYMHhle JiaMIIhI, TCM He Meuee SIBJISieTCSI uayquo-norryJISipHOH. 

B ;:i:oczynuoii H )'BJiexan~JihHOii: <PopMe paccMOTpeHhl KJiaccu<PRKaIJHSI 3JICKTpOHHhlX 

npR6opoB, HX HCTOpHSI H 3BOJIIOIIHSI, MeCTO 3JieKTpOHHhlX BaKYYMHhlX JiaMrr cpe;:i:H 

;:i:pyrax rrpR6opoB, HX pOJih B pa3BHTHH IIHBlfJIH3aIIHH, IlOIIblTKlf rn6pH):llf3al{lfH Ba

K)'YMHhlX H no.nynpOBO):IHHKOBhlX mi:6o BaKYYMHhlX H ra30pa3pSI):IHhlX IIpR6opoB. 

PacCKa3aHO 0 IlpHHI{HIIax pa6oThl, KOHCTpYKUHH H TCXHOJIOrHH ceroquhlX JlaMII, KJIHC

TpOHOB, JiaMII 6erymeii BOJIHhl, MarHeT{JOHOB If Boo6me npH6opos M-nma, o rnpo

TpOHe, OpOTpOHC, BlipKaTope, rrpo6JieMax yseJIHqemui MOIIIHOCTH, qacTOThl If Kll,[(. 
0T)lCJihHO H 6oJiee rro;:i:po6uo paCCMOTpCHhl rrp06JieMhl HCTOqHHKOB 3JICKTpOHOB ):IJlSI 

npR6opoB - TepM03JICKTpOHHhlX, BTOp.»quo-3.JleKTpOHHhIX H lfHhlX KaTO):IOB, a TaIOKe 

aHI'H3MHTiepOB, IlplfHUHIIhl KOHCTpYJiPOBaHHSI H pa60Thl KOMII03HI{HOHHhIX MaTepHa.IIOB. 

KHKra a;:i:pecoBaHa UIHpOKOMy Kpyry qRTaTeJieil:, RHTepeCYJOIIIHXCJI rexHRKOH 

H ee HCTOpHeil:. HeMaJIO IJOJIC3HOro B ueii Haii;zyT HH:lKeHephl, CITCIJHaJIH3HpyIOII{HCCSI 

B o6JiacTH 3JICKTpOHHKH, rrperro;:i:asaTCJIH H czy;:i:eHThl TCXHHqecK!fX BY30B. 

H311aTeJTuCTBO JIKH. 117335, MoCI<Ba, HaxHMoBc!<HH np-T, 56. 
<l>OpMllT 60x90/l 6. Ileq. JI. 14. 

OmeqaTaHO B 000 «JlEHAH}J,». 
117312, MocKBa, rrp-T IlleCTH11ec>ITHJieTHJ1 01m16pJ1, 1 lA, CTp. 11. 

ISBN 978-5-382-01432-6 

13132 ID 166960 

11111111111111111111111111 
9 785382 014326 

© lfa;:i:aTCJlhCTBO nKM, 2008, 2012 

HAYYHAfl 1.-1 YYE&HAA fll.-1TEPA1YPA 

E-mail: URSS@URSS.ru 

KaTanor Haq&HJ.!ii a l.o1HTI1p1tsre: 

http://URSS.ru 
Ten./tj>aKc {M11oroK81tanb1tblii): 

URSS + 7 (499) 724 25 45 

Bee npaBa JammueHhl. HHKaKas! qacn. Hacroamelt KHHrH He MOlKeT 6h1Th BOCilpoH3BeACHa HJIH 

nepe):laHa B KaKOH 6hl TO HH 6blJIO cpopMe H KIU(lfMH 6bl TO HH 6blJIO cpCACTBaMH, 6y.llh TO 3JieK

TP0HHhlC HJlH MeXaHH'lecKHe, BK.lIIO'lllJI cpOTOKOIIHp08aHHe H 3aJIHCJ; Ha MarHlITHIJH HOCwre.Jn., 

a nuoKe pa3Memelllie B HHTCpHeTe, eCJIH Ha ro HeT nHcLMCHHoro pa3pemeHHJ1 BJia,neJILna. 



OrnasneHHe 

fAaBa 1. B Hff'laAe D)'TH . . . . . . . 

1. 06 3TOH KHHre . . . . . . . . . . . 

2. KaK OT AaMrr:hI 3AeKTpHqecKoif 
rrpOH30llll\.a AaMrra 3AeKTpOHHaH . . . 

3. 0AHa ceTKa H ~e.l\hIM MHp BilPHAa'IY 

4. 3AeKTpOHHoe Aepeso H '!TO Ha HeM pacTeT 

j 

5. 3aAa1IH, rrocTasAeHHhle >KH3HhIO ....... . 

fAaBa 2. CaMhie npOCTbie AaMnLI 

6 

6 

9 

11 

15 

16 

H HX HenpOCTbie npo6AeMLI 23 

1. Bo3sparu;eHHe Ha 11TaKY . . . . . . . . . 23 

2. \.lepHbIH Hlll;HK, ero rrapaMeTpbI H Ha'IHHKa . . 27 

3. ABocbKa AAH 3AeKTpOHOB . . . . . . . . . . . . . . . 30 

4. BTopaH ceTKa rroMoraeT rrepsoli . . . . . . . . . . . . 33 

5. \.ITO II03BOAeHo TpHOAy, TO He II03BOAeHO TeTpOAY 35 

6. AnrreTHT rrpHXOAHT BO BpeMH eAhI . . 40 

7. MarHH MeraBaTTOB . . . . . 42 

8. «ITpH6op HOBoro BHAd» . . . . . . . . . . . . . . . 47 

9. AaMrra 6e3 AeTaAeH:. . . . . . . . . . . . . . . . . . . . . . . . . 50 

10. ITocAeAHHH BHC MOAhI 1926 roAa . . . . . . . . . . . . . . . 52 

fAasa 3. 3AeKTpOHHLIH npu6ou . . . . . . . . . . . 62 

1. KaK OH 06pa3yeTrn . . . . . . . . . . . . • . . . . 62 

2. KaK ero ncrroAb30BaTb . . . . . . . . . . . . . . 64 

3. 3aqeM qacTOTaM 6bITb CBepXBbICOKllMll . 66 

3 



OmaeneHue 

4. He.l\.h3.sJ o6'h.sJTh Heo6'h.sJTHoe ... c noMOUJ;hIO 

06h1qHOR 3.1\.eKTpOHHOH ./\.aMnhI ..... 

5. 06paTHM HeAOCTdTKH B AOCTOHHCTBa 

6. HeKOTOphie He MeAKHe noApo6HOCTH 

7. 0CTa./\.OCh TO.l\.hKO CAe./\.aTh . . . . . . . . 

fAaBa 4. MHHHaSI AOpora OT BXOAa K BbIXOAY . . . . 

1. BBepx no HAym;e:H BBepx J\.eCTHHu;e . . . . . 

2. TaHu;yeM OT neqKH, TO ecTb OT K./\.HCTpoHa 

3. ApxHTeKTYPa ABB ............... . 

4. ABB AO}\)K.Hd 6hITh 3KOHOMHOR . . . . . . .. 

5. 0AHa BO./\.Ha cMeHHTh APYIYIO cnernHT... . .. 

6. A.AMa3 He AJ\..5I npHKpac ..... 

fAaBa 5. IloASI CKpeiu;uBaIOTCSI . . . 

1. 3BTI CHY:: KylllaTh noAaHo! .... 

2. 3.1\.eKTpOH B CKpern;eHHhIX noMX 

3. EcTh AH pa3HHu;a, KyAa naAaTh 

4. Pa3./\.0JKHM no noAoqKaM . . .. 

5. Ma./\.eHhKHH KaTOA no3BOMeT 

BbIKHHyTb 60.1\.hIIIyIO cxeMy . . 

6. KorAa Bee yrrHpaeTC.51 B TexHoAornro . 

fAaBa 6. fu6pHAHble 3.1\.eKTPOHHble npu6opbl . . 

1. Tio./\.e 6051 npH ./\.YflHOM CBeTe, H./\.H nO.l\.h3d H BpeA 

68 

69 

73 

77 

85 

85 

87 

90 

91 

93 

96 

101 

101 

102 

106 

110 

112 

115 

124 

OT KOHKypeHI.J;HH . . . . . . . . . . . . . . . . . . . . . . . 124 

2. Te3Hc, aHTHTe3HC, cHHTe3 . . 125 

3. TioAynpoBOAHHK B BdKYYMe . 126 

4. «fa3 HJ\.H BdKYYM» HJ\.H «ra3 H BdKYYM»? . 130 

5. KaK KoMneHc11poBaTh npocTpaHCTBeHHhili 3ap51A 133 

6. Buprya.l\bHhIR aHOA, MAH KOrAa 

Ka)Kym;eec.51 x~e HaCTOHiu;ero . 

4 

134 



OmaaneH11e 

7. KITA> 90%. . . . . . . . . . . . . . . . . . . . . . . . . 136 

8. «fenapA» 31\.eKTPOHHKH . . . . . . . . . . . . . . . . 137 

fa.aBa 7. BTopaSI :moxa .................... ~. . . . 143 

1. BpaIQa5Ich B pe3oHaTOpe . . . . . . . . . . . . . . . . . . . . . 143 

2. ITpoAeTa5I H~ CTHpaAbHOH AOCKOH . . . . . . . . . . . . . . 146 

3. KorAa He BMeIQaeTC5I . . . . . . . . . . 148 

4. KaK HapncoBaTh He-c}:>yHKQHJO . . . . 156 

fAaBa 8. Cep.a.l\e 3AeKTPOHHoro npH6opa 161 

1. l.JTo H noqeMy '!eAOBeK Ha3hlBaeT cepAIJ;eM 161 

2. ITo'leMy c roAaMH KaTOAhl cTaHOBHAHCh 
Ayqllle BO Bcex CMhlCAax .......... . 

3. MHoro Il.l\.OXHX HAM OAHH xopolll11H:? .. . 

4. KaK 3arA5IttyTh B 6yAyrQee .... . 

5. BoAbcppaM: oH 61>1A nepBhIM ... . 

162 

163 

165 

167 

6. ITOAb3a OT 3y6Horo nopOlllKa . . . . . . 168 

7. 3pa KOMIT03HTOB . . . . . . . . . . . . . . 1 71 

8. A11cpcpy3noHHa5I npo6AeMa n KaTOAhI 
6e3 3TOH npo6AeMbl . . . . . . . . . . . . . . . . . 174 

9. 3MHTTHpyeT, a He KaTOA (AHHOA) . . . . . . . . . . 177 

10. KaTOAhl, 3MHTTHpyJOIQHe ITOA AO>K.AeM . . . . . . . 178 

11. AoAJKHO AH cepAu;e 3BIT 6hlTh rop51q11M? . . . . . . 183 

12. llTo He noAeAHAH aHTH3MHTTephl c 3MHTTepaMn? 186 

13. illYMHM, 6paTu;hl, lllYMHM... . 188 

14. ITe'!Ka A.l\.5I KaTOAa. . . . . . . . 189 

15. ABT03AeKTpOHHa5I 3MHCCH5I . . 194 

16. <t>oT03.l\.eKTpOHHa5I 3MHCCH5I . . 203 

qTO e~e BbipacTeT Ha ,a,epeBe, HAH BMecro 3aK./\.IO'leHH.SI. . 221 



Jn888 1 

B Ha'lane nyrH 

1 . 06 3TOi1 KHlllre 

Bee, KTO Y3HaBaA o HaMepeHHH HarmcaTb KHHry, KOTopyio 

Bbr AeP./IUITe B PYKax, roBopirnn:: «KaK? Pa3Be 3AeKTpOHHbie AaM

IIbI ern;e rAe-To rrpHMeH5110TC51? HaBepHoe, HX IIOAHOCTblO BbITeC

HHAll IIOAyrrpoBOAHHKH». BrrpoqeM, HeT - Te, KTO 3aHHMaeTC51 

3AeKTpOHHbIMH AaMrraMH, pearnpoBaAR HHaqe. OHM IIO)KHMaAR 

IIAeqaMH H rOBOpHAR: «Pa3Be 0 AaMrrax MO)KHO HaIIHCaTb HHTe

peCHO? BoT o rroAyrrpoBOAHHKax ... » 

11 TO, H Apyroe HeBepHo. Ka~bIH HOBbIH rrpn6op, HAR MaTe

pHaA, rrpeTeHAyIOrn;H:H Ha qacTb yJKe OCBOeHHOH 06AacnI rrpnMe

HeHH51, KOHeqHo, TecHHT cTapb1e. Ho 1KeAe306eTOH He BbITecHHA 

AepeBa, aJUOMHHHH H CTeKAO He BbITeCHHAll 6eTOHa, ll TpaH3H

CTOp He BblTeCHHA AaMIIbI. 06513aTeAbHOe ycAOBHe ycrrenrnoro 

pa3BHTH51 - H TexHHKH H rrpHpOAhI - pa3Roo6pa3He. 11AH, KaK 

HHOrAa roBOp51T - IIA10paAR3M (OT aHrARHCKOro plural - MHO)Ke

CTBeHHbIH). 3TO IIOATBePAHT AI06o:H HH~eHep H A106o:H 6HOAOr. 

3AOPOBa51 KOHKypeHIJ;ll51 HAeT Ha IIOAh3y. EcAR HCTpe6HTh 

BOAKOB ( «CaHn:TapoB Aeca» ), HaqHHaIOT 6oAeTh 3dHIJ;hl. B TeXHHKe 

TO )Ke caMOe - HaARqne IIOAyrrpoBOAHHKOBhlX rrpH6opoB crroco6-

CTByeT COBeprneHCTBOBaHHIO AaMII. CTpHqeM TeXHHKa pa3H006-

pa3Hee rrpHpOAhl - BOAKH c 3a:Hr.i;aMH He AaIOT )KH3Hecrroco6HhIX 

rH6pHAOB, a AaMrrbr c TpaH3HCTopaMH, KaK Bbl y3HaeTe H3 3TOH 

KHHrH, AaIOT. 

CToqeMy :na KHHra HarmcaHa HMeHHO 06 3AeKTpoBaKYYMHblX 

rrpH6opax? He TaK y)K BeAHKa Bepo51THOCTh Toro, qTo Bhl 6yAeTe 

3aHHMaThC51 3AeKTpOHHbIMH rrpH6opaMH H ~ COBCeM HHqTO)K

Ha - qTo HMeHHO 3BCT. Ho 51 Bae K 3TOMY H He CKAOHmo! OA
HOMY HpaBHTC51 MaAeHhKHe rrAOTHeHbKHe 6p10HeTKH, ApyroMy -
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1. 06 3TOU KHMre 

<boTo 1. JlaMnb1 B High End annapaType (>1<ypHan Class A) 
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rnasa 1. B Ha'lane nyn1 

BhICOKHe xyAow;aBue 6AOHAHHKH. Ba)KHO TO, qTo HX o6neAHH51eT, 

TdK )Ke KaK Bd)KHO TO, qTo o6neAHH51eT pa3Hbie o6AaCTH HaYKH 

H TeXHHKH, KOTOphIMil CTOHT 3dHHMdTbC51. I1x o6neAHH51eT TO, qTo 

HX u;eAh - I103HdHHe MHpa H C03AdHHe Ha OCHOBe :noro 3HdHH51 

qero-To, HY>KHoro AIOA5JM. 

0AHaKo TPYAHO cKa3aTh qTo-To AeAhHOe o HaYKe Boo6w;e, 

0 TeXHHKe Boo6w;e, 0 )KeHill;HHaX Boo6w;e - BeAh 3dHHMaeMC51-

TO MbI KOHKpeTHO cpH3HKOll ITOBepXHOCTH, KOHKpeTHO TeXHHKOll 

3BCT H AI06HM BITOAHe KOHKpeTHyio (150/47) Mallly. CTo:noMy 

H KHHra 3Ta 0 KOHKpeTHOll o6AaCTH cpH3HKH H TeXHHKH, HO Bbl 

H3BAeqeTe H3 Hee 60Ahllle I10Ah3bI, ecAH 3a qacTHOCT51Ml1 ITOCTa

paeTeCh YBHAeTh o6w;tte cBoH:cTBa cptt3HKH H TexHHKH. A 51 B 3TOM 

ITOCTapaIOCb BdM ITOMOqb. 

Cl>OTO 2. naMna B ayAltlOKapre (if1HTepHeT) 
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2. KaK or naMnbt 3neKTpML1ecKotli npo~owna naMna 3f7eKrpoHHafl 

lfro JKe KaeaeTe51 B03MOJKHOeTH HaITHean. HHTepeeHO ... 06 

3TOM eyARTb qRTaTe.i\IO. Ho, MHe KaJKeTe51, HarrHeaTb HHTepeeHyro 

KHHry 0 AaMrrax rrpo~e. qeM 0 TpaH3HeTopax. l.JeAoBeKy HHTe

peeHO HOBOe, a 0 TpaH3HeTopax qHTCIAH see. flpaBAa, rOBOp51T, 

qTo HOBOe - 3TO xoporno 3a6bITOe eTapoe, HO HeTHHa He ne

peeTaeT 6hlTh HeTHHOH H3-3a Toro, qTo oHa 3a6h1Ta. KoHeqHo, 

B 3TOM eAyqae 0 Hett HaAO HaIIOMHHTb. 06 HHTepeeHOH HeTOpHH 

3AeKTpOHHbIX AaMII H 06 HX IIIHPOKOM rrpH:MeHeHHH B Harne Bpe

M51 eAbIIIIa.Alf, HaBepHoe, HeMHOrHe. A KOrAa Bbl npoqH:TaeTe 3TY 

KHHry, Bbl TOJKe eTaHeTe K HHM IIpHHaAAeJKaTb. 

YI B 3aKAfOqemie Harnero rrpeAHeAOBH51 - KpaTKHH OTBeT 

Ha BOrrpoe, rAe eerOAH51 rrpH:MeH51IOTe51 AaMITbl. 0HH npHMeH51-

IOTe51 Be3Ae, rAe HYJKHhl BbieOKHe qaeTOTbl H MO~HOeTH, TO eeTb 

B AaAbHeH (B TOM qlfeAe - eIIyTHHKOBOH) eB513H, B PaAHOAOKa~HH, 

B yeKopHTeAbHOH TeXHHKe. KpoMe Toro, eeTb HeeKOAbKO APyrHx 

o6AaeTeH rrpHMeHeHH51 (HaIIpH:Mep, reHepa~H51 peHTreHOBeKoro 

H3AyqeHH51)' B TOM qHeAe eB513aHHblX e BbieOKHMH TeMrrepaTYPaMH 

HAH paAHa~Heli. YI HaKOHe~ - oeo6o BhieoKoKaqeeTseHHoe 3By

KOBoerrpoH3BeAeHH:e, TaK Ha3hlBaeMwli High End (cpoTo 1): AaM

rrw MeHhrne H:eKaJKaIOT eHrHaA. AeAo AOIIIAO AO Toro, qTo HeAaBHO 

AaMrry rrpHMeHHAH B KOMIIblOTepe - B ayAHOKapTe (cpOTO 2). 

2. KaK OT naMnb1 aneKTp111'4eCKOM 
npo111aowna naMna aneKTPOHHaR 

3AeKTpOHHa51 AaMrra B03HHKAa H3 3AeKTpHqeeKoli, TOH, qTo 

e HaqaAa BeKa oese~aeT MHp. Co3AaA rrepsyro 3AeKTpOHHYJO AaM

rry T. A. 3AHeOH, H e03AaA OH ee no OIIIH6Ke. flpOH30IIIAO 3TO TaK. 

CseT B 3AeKTpH:qeeKoli AaMrre H3AyqaAe51 B Te speMeHa HaKa

AeHHOH yroAbHOH HHTblO. 0AHaKO OT HHTH AeTeAH BO Bee eTOpOHbl 

He TOAbKO cpoTOHbl, HO H HeqTo, oeeAaBrnee Ha 6aAAOHe H Bhl3bI

BaBIIIee ero IIOTeMHeHHe. 3AH:eOH eqHTaA, qTo 3TO «HeqTQ» -

OTpH~aTeAbHO 3ap51JKeHHbie yroAbHhle IlbIAHHKH, H eeAH BBeeTH 

B AaMrry AOIIOAHHTeAbHbIH 3AeKTPOA H IIOAaTb Ha Hero IIOAOJKH

TeAbHblH OTHOeHTeAbHO HHTH IIOTeH~HaA, TO IlbIAHHKH 6yAyT rrpH:

T51rH:BaTbe51 K 3TOMY 3AeKTPOAY H He IIOIIaAaTb Ha 6aAAOH. 
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rnasa 1. B Hal.fane nyr11 

+ 

J' 
~----1111 11 I--~---' 

ttanpIDKeHHe 

HaKa.Jia 

aH0,!1,HOe 

HanpIDl<eHHe 

PHc. 1. 3¢¢eKT 3Al1COHa 

CKa3aHo - CAeAaHo (TaK 6bIAO rrpHH.HTO pa6oTaTh Bero Ma

cTepcKHX), Ho 6a.l\.J\.OHhI Bee paBHO TeMHel\.l1. )KaAKo, KOHeqHo, 

HO 3aTo T. A. 3AHCOH o6HappKlil\., qTo B u;err11 AOIIOJ\.HHTeJ\.bHoro 

3.l\.€KTPOAa rrpoTeKaeT TOK. TaK B 1883 fOAY OH o6HappKHJ\. ABa 

HOBhIX .HBJ\.eHH.H - rrpoTeKaHHe TOKa qepe3 BaKYYM H TepM03.l\.eKT

pomryro 3MHCCHIO - HCIIyCKamre 3.1\.eKTPOHOB HarpeTbIMH Beiu;ecT

BaMH. Tio3JKe 3TH ABa .HBAeHH.H BMecTe (no OTAeJ\.bHOCTH HX TOrAa 

eiu;e He Ha6J\.IOAaAH) 6hll\.H Ha3BaHbl «3cpcpeKTOM 3AHCOHa» (pHC. 1). 
KaK qeJ\.OBeK, MhICJ\..HIIJ;HH rrpaKTHqecKH (aBTOp 6oAee 1000 

rraTeHTOB) OH Tyr JKe H IIPHAYMaA rrpH6op Ha ocHoBe 3THX 3cpcpeK

TOB. TiocKOJ\.bKy TOK, TeKyID;HH B u;errH AOIIOJ\.HHT€J\.bHOfO 3.1\.eK

TPOAa, CHJ\.bHO 3aBHCeA OT HarrpSIJKeHH.H, rrpHAOJKeHHoro K HHTH 

{Ha3blBaeMOfO Harrp.HJKeHHeM HaKaAa), TO OH rrpeMOJKHJ\. HCIIOJ\.b-

30BaTb 3TOT 3cpcpeKT AJ\..H o6HapyJKeHH.H Mal\.bIX H3MeHeHHH Ha

rrp.H)KeHH.H Hllli KOHTPOJ\..H ero CTa6HJ\.bHOCTH. /j.,AfI 3T0f0 CJ\.€AO

Bal\.O IIOAKJ\.IO'IHTb KOHTpOAl1pyeMoe Ha1Ip.HJK€HHe K «J\.aMrre 3AH

COHa» B KaqecTBe HaKaAbHOfO H CJ\.€AHTb 3a IIOCTO.HHCTBOM TOKa, 

TeKyrn;ero B u;err11 AOIIOJ\.HHTeJ\.bHOro 3.1\.eKTPOAa. Co6cTBeHHO ro

BOpH, B03HHKHOBeHHe rrpoBOAHMOCTH B B03Ayxe, HaXOA51ID;€MC.H 

p.HAOM c HaKaAeHHhIM MeTa.l\.J\.OM, 6hIAO H3BecTHO eiu;e c HaqaAa 

XVIII BeKa. B KOHu;e XIX BeKa, OAHOBpeMeHHO c T. A. 3AHCOHOM, 

yqeHbie IO. 3.1\.bCTep H r. feliTeJ\.b o6HappKHJ\.H, qTo 3.1\.eKTPOA, 
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3. 011.Ha cerKa /II '-'enb1ill M/llP anp/ll/1.8'1Y 

pacrroAoJKeHHhIH pHAOM c HaKaAeHHOH, HHThIO, 3apHJKaeTC.5I B Ba

Kyy-Me OTpHu;aTeAbHO. Ka3aAOCh 6hI, Bee 51CHO .•• HO TaK KaJKeTC51 

AHIIIh Terreph. CTpHpOAa «3cpcpeKTa 3AHCOHa» 6bIAa IIOH51Ta AHIIlh 

B 1896-1903 rOAaX. 

A;>K. A;>K. TOMCOH ycTdHOBHA B 1887 rOAYr 'ITO TOK B AaMrre 

3AHCOHa rrepeHOCHT 3AeKTpOHhI. Ho, 6hITh MOJKeT, 3TO CBOHCTBO 

HMeHHO yrM? HeT, ecAH HHTh MeTaAAH'leCKa51 HAH IIOKphlTa51 

OKHChlO KaAbIJ;H51, TOJKe B03HHKaeT 3AeKTpOHHhIH TOK B BaKyy-Me. 

BH11MaH11e ! He 3a6yAhTe - 1904 rOA, A BeHeAhT, Ka TOA 113 OKHCH 

KaAbIJ;H51 Ha MeTaAAH'leCKOH HHTH (HAH KepHe, OT aHrAHHCKoro 

kern - HAPO). 3To OKCHAHhIH Ka TOA, KOTOpOMY rrpeACTOHT 3aBO

eBaTh MHp 3AeKTpOHHhIX AaMrr. Ho 06 3TOM eru;e HHKTO He 3HaeT. 

OcHOBHM cpopMYAa, orrHchrnaIOru;M repM03AeKTPOHHYIO 3MHC

CHIO (3aBHCHMOCTh TOKa OT TeMrrepaTYPbl HHTH H CBOHCTB ee Ma

TepHaAa), 6h1Aa rroAyqeHa B pe3yAhTaTe pa6oT A;>K. A <l>AeMHHra 

H 0. Y. P11qapACOHa H Ha3BaHa rro3JKe cpopMyAoli P11qapAcoHa

A3IIIMaHa. Ho AO 3Toro Mhl eru;e A06epeMcH. 

CTo3HaHHe rrp11p0Ah1 cocTOHT 113 o6HapyJKeHHH HOBhIX HB

AeHHH H H3 HX IIOHHMaHH51. «CTOHHMaHHe» He AOAJKHO CHAhHO 

OTCTaBaTh OT «06HapyJKeHH51» - XOT51 6hI IIOTOMy, 'ITO B 3TOM cAy

qae H «06HapyJKeHHe» HAeT ycrreIIIHee. 11MeHHO A;>K. A <l>AeMHHr 

o6HapyJKHA B 1904 rOAY 51BAeHHe, AeJKaBIIIee «IIOA HoraMH» -

51BAeHHe OAHOCTOpOHHeH IIpOBOAHMOCTH HAH «AeTeKTHpoBaHH51». 

EcAH K AOIIOAHHTeAbHOMY 3AeKTPOAY (Ha3hIBaeMOMY 06hI'IHO aHO

AOM) rrpHCOeAHHHTh He IIOAOJKHTeAhHhIH, a OTpHu;aTeAhHhIH rro

AIOC aHOAHOH 6aTape11, TOK HATH He 6yAeT. AelicTBHTeAhHO, 3AeK

TpOHhl, 3MHTTHPOBaHHhie HHThlO (Ha3bIBaeMOH o6bI'IHO KaTOAOM), 

He IIOAeT.5IT K OTp11u;aTeAhHO 3ap.5IJKeHHOMY 3AeKTPOAYr a BepHYT

C51 K HHTH. He CTpaHHO AH, 'ITO Ha TO, 'IT06hI rrepeKHHYTh ABa 

rrpoBOAa, HAYIIJ;HX OT 6aTapeH, IIOTpe60BaAC51 21 rOA? 3To 6bJAa 

u;eHa, 3arrAa'leHHa51 3a IIOHHMaHHe. 

3. 0AH8 ceTKa M .... enblM MMp enpMA8'1Y 

B 1906 rOAY J\11 Ae <l>opecT BBeA B AaMrry TpeTHH 3AeKTPOA -

ceTKY (Ha3BaAH ee TaK IIOTOMy, 'ITO OHa H 6bIAa ceTKOH 113 TOHKHX 
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rnasa 1. B Ha'lane nyr/11 

ecn, 

PMC. 2. np11HL111n pa60Tbl Tp110Aa 

TO Ka 

HeT 

rrpOBO.l\.OqeK) f pacrrO.l\.OJKMB ee MeJKAy KaTOAOM M aHOAOM (pMC. 2). 
ITpM rroAOJKMTeAhHOM (OTHOCMTeAhHO KaTOAa) HarrpHJKeHMM Ha 

ceTKe 3.1\.eKTpOHhl, 3MM'ITMpOBaHHbie KaTOAOM, rrpMT51fMBa.l\.MCh ceT

KOH, rrpoAeTaAM CKB03h Hee M ycTpeM.1\.51./\.MCh K aHOAY· ITpM oTpM

u;aTeAhHOM HaIIp51JKeHMM Ha ceTKe 3.1\.eKTpOHhl OTTaAKMBa.l\.MCh eI:O 

M HM AO Hee, HM, TeM 60.1\.ee, AO aHOAa He AO.l\.eTaAM. 

TaK 6bl.I\. OTKphIT rrpnHu;Mrr pa6oThI Bcex 3.1\.eKTpOHHhIX AaMrr -

HarrpHJKeHne B OAHOH (ceToqHoli) u;errn yrrpaBAAeT TOKOM B APY

ro:H: (aHOAHOH) u;errn. ITocKOAhKY yrrpaBAA101u;ee B03AelicTBRe -

HarrpHJKeHRe, TaKoe yrrpaB.l\.eHMe Ha3hIBaI:OT 3.1\.eKTpOCTaTRqecKRM. 

ITepeAaqa cnrHa.l\.a M3 OAHOH u;errn (u;errM yrrpaB.l\.eHMH) B APY

ry10 ocym;ecTB./\.51.1\.aCh TOrAa rrocpeACTBOM ycTpOHCTB, Ha3hIBae

MhIX «peAe». ToK yrrpaBAeHRH rrpoTeKa.I\. no KaTyIIIKe, JKeAe3Ha51 

AeTaAh rrepeMern;MaCb R KOHTaKThl B Apyro:H: u;errM 3aMbIKa.l\.MCb 

R.1\.11 pa3MhlKa.l\.RCh. ITo aHa.l\.OrRR c peAe rrepBbie 3.1\.eKTpoBaKy

YMHbie rrpn6oph1 - TpROAhI - Ha3hIBaAM «rrycTOTHhie peAe». 

«ITycTOTHbie» - BMeCTO «BaKYYMHbie». 

floqeMy 3.1\.eKTpOHHaH AaMrra 6h1Aa C03AaHa He B KOHu;e XIX, 
a B Haqa.J\.e xx BeKa? 11HOrAa rOBOp51T, qTo AAA C03AaHR51 qero-To 

HOBoro AO.l\.JKeH 6b1Th AOCTRfHYT COOTBeTCTByIOI.I.l;RH ypoBeHb pa3-

BRTR51 TeXHMKR. KoHeqHo, CMHXpocpa30TpOH He Mor 6bITh IIOCTpO

eH B XVIII BeKe, HO pa3BRTMe TexHRKR o6ecrreqnBa.l\.O B03MOJK

HOCTh C03AaHR51 TpROAa - a BMeCTe c 3TRM M Haqa.J\.o pa3BRTM51 

p~MoTeXHMKR M AO 1906 roAa. MofYT cKa3aTh, qTo y .l\.IOAeli ern;e 

He B03HMK.l\.O rr0Tpe6HOCTM B p~noTeXHRKe. Ho 3TO rrpocTo He-
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3. 0,n.Ha cerKa 11 14enb1i1 MMp anp11,n.a•w 

BepHo - 6h1eTpoe pa3BHTHe pa.AHO 11 TeAecpoHa 110Ka3hrnaeT, qTo 

AIOAHM OHM 6b1AH HYJKHhI, a yJK AAfJ. qero RX ne110Ah30BaTh, NOAH 

llPHAyMaAH 6h1 H Ha eTo AeT paHbIIIe. Aa)Ke KopoAh ApTYP eoo6pa-

3HA 6hI, KaK yrrpaBAHTh CBOHMH pbm;ap.HMH 110 Pa.AHO H C3p J\aHce

AOT AOfa,AaAe.H 6hI Ha3HaqaTb 110 TeAecpoHy eBHAaHH.H eBoeif AI06H

MOH - KOpOAeBe AJKeHeBpe ... 1lTo JKe 3TO 3a MHcp11qeeKHH «06-

1.QHH ypoBeHb» pa3BHTH.H, KOTOpbIH Bee 011peAeAHeT? 3To 061.QHH 

ypoBeHh AIOAeH, KOTOpbie 110 CBOHM 3HaHH.HM H o6AaCTH Ae.HTeAb

HOCTH «TeXHU'IeCKH» c11oco6Hbl COBepIIIHTh TO MAH HHOe OTKPhI

THe. A ypoBeHb C03HaHH51 AIOAeH He MOJKeT H3MeH.HThe.H eAHIIIKOM 

6bleTpO. 11Ae.HM, MhieAHM, OTHOIIIeHHIO K TOH HAM HHOH o6AaeTH 

11pHMeHeHHH ttyJKHO BpeM.H Ha eo3peBaHHe. BpeM.H, rroMepJKKa 

APyrHx AIOAeH:, 061.QeeTBO KOAAer H eAHHOMhIIIIAeHHHKOB. Bee 3TO 

6hIAO HYJKHO H TeM, KTo C03AaBaA 11epBbie 3AeKTpOHHhie AaMllhI. 

1lTo TaKoe 3AeKTPOHHhle AaMllhl, Te, 0 KOTOpbIX 3Ta KHHra? 

TotIHhie 011peAeAeHH.H o6hl'IHO Hl.QYT Beero AHIIIh AAfJ. Toro, 'IT06hl 

o6oeHoBaTh, 11otJeMy aBTop 11ncaA o tJeM-TO OAHOM H He llHCaA 

0 ApyroM. Ho H 113 IIOHCKa 011peAeAeHHH MOJKHO H3BAeqh IIOAb-

3y, AeH:cTBHTeAhHO, llhITa.Hch AaTh 011peAeAeHHe KOIIIKH, Ha,AeJK

Ho OTAH'laIOI.Qee ee OT eo6aKH, Mhl Y3HaeM MHOfO HHTepecHoro 

0 KOIIIKdX H eo6aKax. B qaeTHOeTH, TO, qTO Bee KOIIIKH HMeIOT, 

B OTAH'IHe OT co6aK, BT.HJKHhie KOITH. Bee, KpOMe rerrapAa. 11TaK, 

AaJKe OTAH'IHTh KOIIIKY OT eo6aKH He TaK-TO 11poeTo. 

MoJKHO 11011po60BaTh AdTh 011peAeAeHHe TaK: YKa3dTh, qa

eThIO o6'beKTOB KdKOro, 6oAee IIIHpOKOfO, KAaeea .HBAHIOTe.H He

KOMbie H 'leM OHM OTAH'laIOTeH OT 06'beKTOB 3TOf0 6oAee IIIHpo

KOfO KAacea. Ha11pHMep: 3AeKTpOHHaH AaM11a - rrpH6op, qaeThIO 

KOToporo HBAHIOTeH 3AeKTpOHhl B BdKyyMe, OTAHqdlOl.QHHe.H TeM, 

'ITO 3TH 3AeKTpOHhl HCllOAb3YIQTe.H AAfJ. 11peo6pa30BdHH51 3HeprHH 

H HHcpopMau;HH. AaBaH TaKoe orrpeAeAeHHe, MhI «OTeTpOHAHeh» 

OT 11pH6opoB, B KOTOpblX 3AeKTpOHhl HCllOAh3YIQTC.H AAfJ. B03Ae:H

eTBH51 Ha MdTepHIO (HarrpHMep, 3AeKTpOHHO-AyqeBhIX CBapoqHhIX 

yeTaHOBOK HAM 11pH6opoB, B KOTOpbIX 3AeKTpOHbl HellOAb3YIQTe.H 

AAfJ. HOHH3aIJ;HH ra3a - Maee-eneKTpOMeTpOB). A TaKJKe OT npH-

6opoB, u;eAh KOTOpbIX - H3MeHeHHe eaMoro IlOTOKa 3AeKTpOHOB 

(HanpHMep, 3AeKTpOHHbIX MHKpOeKOilOB). TipaBAa, B TaKOM orrpe-
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rnasa 1. B Ha'lane nyn1 

BAK HblE TI 11BOPbl 

IlPHBOPbl 

PHc. 3. Aepeso, Ha KornpoM pacryT 11aMnb1 
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4. 3neKrpoHHOe Aepeao u l./TO Ha HeM pacrer 

AeAemu1 ecTb CBOH «rerrapA», HO o HeM II03)Ke. A rroKa qTo - M3o6-

pa3MM AepeBO, Ha KOTOpOM pacryr 3.1\.eKTPOHHhie .l\.aMIIhI (pMC. 3). 

4. 3neKTpOHHOe Aepeeo M ~TO Ha HeM pacTeT 

AepeBo 3TO pacTeT M3 «cTpOMTe.l\.hHoro MaTepMaAa» - BaKy

YMa M 3.1\.eKTpOHOB, a KoHqaeTcH KOHKpeTHhIMM rrpM6opaMM, ocy

mecTBAHIOIIWMM Te M.l\.H MHbie cpyttKIJ;MM. TaM, rAe HaM He Ba)KHO, 

qeM KOHqaIOTCH BeTBM, OHM He BM,l\,Hhl M3-3a 06.1\.aKOB. lfro rro

Ae.l\.aeIIIb, HaIIIM 3HaHMH B AaHHhIH MOMeHT BcerAa orpaHMqeHbI 

M TO.l\.hKO II03TOMY cym;ecTByeT HaYKa. BnpoqeM, AJ\.H ee ycnern

Horo cym;eCTBOBaHMH tty)KHa YBepeHHOCTh B TOM, qTo OHM HMqeM 

He orpaHMqeHhI «B rrpMHIJ;MIIe», qTo .l\.I06aH MCTMHa 06 ycTpOHCTBe 

CTpMpOAhI M 06mecTBa KOrAa-To (MO)KeT 6hlTh, 3aBTpa} M KeM-To 

(MO)KeT 6bITh, BaMM} 6yAeT Ha:HAeHa. 

0AHM M Te )Ke cpyttKIJ;MM MOryT ocym;ecTB.l\.HThCH npM6opaMM, 

IIOCTpOeHHhlMM M3 pa3HhIX CTpOMTe.l\.hHhlX MaTepMaAOB, II03TOMY 

KpoHhI pa3HhIX AepeBheB MOryT c6.l\.H)KaThCH. TaK, rrpeo6pa30-

BaHMe 3.1\.eKTpMqecKoro CMfHa.l\.a B CBeT MO)KeT ocym;ecTB.l\.HThCH 

M 06hlqHo:H 3.1\.eKTPMqecKOH .l\.aMrroqKQH M IIOAyrrpoBOAHMKOBhIMM 

rrpM6opaMM, KOTOphle paCTYT Ha ApyroM AepeBe (M6o BaKYYM A.l\.H 
MX pa6oThI He o6H3aTeAeH). B AeBo:H qacTM AepeBa «BeTBM» AOBe

AeHhI AO «.l\.HCTheB» - KOHKpeTHhIX TMIIOB rrpM6opoB. BnpoqeM, 

ec.l\.H rrpMcMoTpeThCH rroBHMMaTe.l\.hHee, To M BHYTPM TMIIa ecTh 

IIOATMIIhI M TaK AaAee ... Ho noKa ocTaHoBMMCH Ha 3TOM. 

lfro )Ke noHMMaIOT IIOA 3.1\.eKTpoHHhlMM AaMnaMM? B .l\.HTepa

Type 6b1ryeT pa3Hhle IIOHMMaHMH - M 60.1\.ee IIIMpOKMe, M 60.1\.ee 

y3KMe. 06AaCTh rrpM6opoB, o6cy~aeMhIX B 3To:H KHMre, o6BeAe

Ha KOHTypOM B .l\.eBOH BepxHeH qacTM AepeBa. 

KAacni:cpttu;MpOBaTh 3.1\.eKTpoBaKYYMHhle rrpM6ophI MO)KHO, 

KOHeqHo, He TO.l\.hKO no BMAY rrpeo6pa3yeMhIX cMrHaAOB. HarrpM

Mep, MO)KHO B KaqecTBe OCHOBhI A.l\.H K.l\.aCCMcpHKau;Mlf MCIIO.l\.h30-

BaTb oco6eHHOCTM ABM)KeHMH 3.1\.eKTpOHOB. TipM60phI, B KOTOpbIX 

3.1\.eKTpOHhI ABM)KYTCSI B BMAe Y3Koro M MMHHoro Ayqa, Ha3bIBaIOT 

3.1\.eKTpOHHO-.l\.yqeBhlMM. 06'heAMHeHMe 3TMX rrpH6opoB B OAMH 

KAacc HMeeT orrpeAe.l\.eHHhIH CMhIC.I\. - TaKMe rrpM60pbI MMeIOT 
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rnasa 1. B Ha'lane nyrflf 

B KOHCTpyi<ri;i;m MHOro o6m;ero. MoJirno BhIAeJ\MTh KAdCC MOm;

HhIX rrpn6opoB, HMeIOm;Hx CBOH oco6eHHOCTH, KAdCC BhICOKO

BOAhTHhIX npH6opoB H ApyrHe KAdCChl. ITpH 3TOM OAHH H TOT >Ke 

npH6op oKa>KeTcH BXOAHm;HM B HeCKOAhKo KAaccoB. Hw1ero YAH

BHTeAhHOro B 3TOM HeT - BhI H IIIKOAhHHK (HN1 CTYAeHT HN1 ... ), 

H qHTaTeAb 3TOH KHHrH, H MdAhqHK (HN1 AeBoqKa). H >KHTeAb Ta

KOrO-TO ropOAd (HN1 ceAa, HAH ... ), H AOqh (HAH ChlH) H TdK AaAee. 

Ka>KAhIH qeAOBeK, KdK rosopHT nCHXOAOrH, HCnOAHHeT HeCKOAb

KO «COD;HdAhHhIX poAeH». I1AH, KdK CKd3aA illeKCIIHp, «MHp -

TeaTp, AIOAH - aKTephI». I1 AAH qeAoBeKa H AAH 3AeKTpOHHoro 

npn6opa Bd>KHO xopoIIIO crrpaBAHThC.SI co BCeMH poAHMH. 

5. 3aAa'nt, nocTaeneHHble >KM3Hbl0 

B rrpaBHAax rroBeAeHHH pyi<oBoAHm;nx HH>KeHepos qmpMhI 

«AJl<eHepaA 3AeKTpHK» nepBbIM nyttKTOM, 3HaqHTCH: «TBOH 3a

Aaqa - npoBOAHTh o6m;yro TeXHHqecKYJO noAHTHKY H peIIIaTh 

e>KeAHeBHO B03HHKaIOm;He 3aTPYAHeHHH» (cpoTo 3). Pa3BHTHe -

3TO H eCTh peIIIeHHe B03HHKaIOm;Hx 3dAaq H npoBeAemie o6m;e:i1: 

nOAHTHKH, KOTopaH ecTb He qTo HHOe, KdK HdKOIIAeHHhIH AeCHTH

AeTH.SIMH onhlT peIIIeHH.SI 3dAaq, n03BOAHIOm;HH rOTOBHThCH K pe

IIIeHHIO 3dBTpaIIIHHx 3dAaq, ITo3TOMY rrpH paccKa3e o Ka>KAOM 

3AeKTpOHHOM rrpH6ope B 3TOH KHHre yAeAeHo BHHMaHHe B03HH

Karom;HM 3dAaqaM H IIYTHM nx peIIIeHHH. Ho OTKYAa 6epYTCH 3a

AaqH? EcTh TaKoe Bhlpa>Kem-i:e - «3dAaqa, nocTasAeHHaH caMoli 

>KH3HhIO». /KH3Hh 3AeKTpOHHhIX AaMn - 3TO YAOBAeTBopeHHe 

Tpe6oBaHHH, npeA'hHBAHeMbIX 3aKa3qHKdMH, npeA'bHBAem-i:e Tpe-

60BdHHH K TeM, AAH KOro «3dKa3qHKOM» HBAHIOTCH AdMnhI (HanpH

Mep, pa3pa6oTqHKll MaTepHaAOB), H CaMoycosepIIIeHCTBOBdHHe, 

KOTOpoe - no Kpa:i1:Heli Mepe y AaMn - eCTh HHTerpHpOBdHHdH 

H orrepe>KaIOm;aH peaKD;H.SI Ha noTpe6HOCTH >KH3HH. 

AaMrrhr HY>KHhI qeAoBeKy He caMH no ce6e, a B PdAHOIIpHeM

HHKax, PdAHOnepeAaT'IHKax, Te.11.eBH3opax, ycKopHTeAHx H TaK Aa

.11.ee. CBOHCTBd AdMII, KOTOphle HdAO 3HdTb AAH HX HCIIOAb30BdHHH, 

Hd3hIBdIOT napaMeTpaMH, a TdKOe HX H3MeHeHHe, KOTopoe II03-

BOAHeT CAeAdTb, HanpHMep, TeAeBH30p, AyqIIIe - yAyqIIIeHHeM 
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5. 3aA8'1/11, noCTaBfleHHble >Kl13Hb/O 

Cl>OTO 3. npa01-111a noeeAeHl-151 PYKOBOA511.L11-1X 1-lH>KeHepoe GE. nepeBOA 
M1-1Ha11eKrporexnpoMa, 50-e roAbl npownoro eeKa (apx1-10 A. E. AWKl-1H331-1) 
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r11asa 1. B H848JTe nyru 

rrapaMeTpOB. l.fro6hI nrnee 6hIJ\O CMHMM, 3eAeHoe 

H MO/KHO 6hIJ\O BpeMeHaMH ITOH.SITh, «qero OH xoqeT CKa3aTb», 

3TOT HectiaCTHhlH AMKTOp. 

3AeKTpOHHhie AaMrrhl - 3TO eAHHCTBO TeOpHH, KOHCTpyM

poBaHM.SI M TeXHOAOrMM, KaK H JU06o:H TeXHMqecKHH o6'heKT. Tex

HOAOrM.SI, KOHCTPYlfPOBaHMe H TeopH.SI 31\eKTpOHHhlX AaMrr B3a

MMOAeifCTBYIOT He TOJ\hKO APyr c ApyroM, HO M c TeXHOAOrMeli, 

KOHCTPYlf POBaHMeM H TeopHeli Apyrnx rrpH6opoB M ycTpOHCTB. 

AelicTBMTel\hHO, rrpo6AeMhI coeAttHeHM.SI pa3HhIX MaTepHaAOB MJ\lf 

rrpo6AeMhl Ol!MCTKH - KAaccH:qecKHe rrpo6AeMhl 31\eKTpOHHhlX 

AaMrr, HO M COeAMH.SITh M qlfCTMTh rrpMXOAMTC.SI He TOJ\hKO AaM

Ilhl. Aa::>Ke y CBMHeli, KOrAa ttx coAep::>KaT B q11cT0Te, rrpttBechI 

YBel\lfqMBaIOTC.SI. HJ\lf, HarrpMMep, rrpo6AeMa oXAa)KAemrn 3Ae

MeHTOB, B KOTOphIX BhIAeA.SieTC.SI MHOro TerrAa - o6rn;a.SI rrpo6Ae

Ma AaMrr, peaKTOpOB, caMOAeTOB, IIOAyrrpoBOAHMKOBhlX rrptt6o

poB. ITpo6AeMa TeITAOM30A.Siu;mr, KOHeqHO, TO/Ke - B MTOre Ma

TepMaAhl, KOHCTPYKTopcKMe rrpMeMhI M MeTOAhl pacqeTa, c03AaH

Hhie B OAHOH o6AaCTM TeXHMKM, HaXOA.SIT rrp11MeHeH11e B APyrMx. 

Mttp - no Kpa:HHeli Mepe MMP TeXHMKM - eAMH. Mo/KHO 6hITh 

Y3KMM crreu;Mal\MCTOM, HO qT06h1 6hITh crreu;Mal\MCTOM, XOT.SI 6hI 

y3KMM, HaAO 6hlTh nrnpoKo o6pa3oBaHHhIM. 

5ICHhIM IlOHMMaHMeM 3TOH MCTMHhl, Al060Bhl0 K cpM3MKe M Tex

HMKe 31\eKTpoBaKYYMHhIX rrptt6opoB, YBa::>KeHMeM K 601\hIIIOMY rry

TM, rrpOHAeHHOMY MX C03AaTeA.SIMM M /KeAaHMeM. paccKa3aTh BaM 

06 3TOM aBTop o6.si3aH cBOMM yqMTeA.SIM, COTPYAHMKaM HHH «Hc

TOK» (MHOrMe M3 HMX OAHOBpeMeHHO rrperroAaBal\lf B MOeM By3e, 

MH3Me): A. B. APY::>KMHMHY, c. A. 3ycMaHOBCKOMy, B. r. KapMa-

3MHy, A. E. K11ceAeBy, B. <l>. KoBaAeHKO, M.A. J\Jo611M0By, H.B. LJ:e

penHMHy. Pa3YMeeTc.SI, .SI yq11Ac.SI y MHorttx ... Bcex M He rrepeq11c

AHTh. 3Ta KHttra - qacTh Moero HeorrAaTHoro AOAra rrepeA Ha

IIIMMM yqMTeA.SIMM. 

LI;errh 3HaHM.SI He AOJ\/KHa rrpepbIBaThC.SI. Ka::>KAhIH, KTO Y3HaeT 

qTo-To M paccKa3hrnaeT APyrttM, - 3BeHo B 3TOH u;entt. Mo::>KHO 

He 3HaTh, KaK npttMeHH:Th TO MJ\lf HHOe 3HaHMe, He YMeTh MJ\lf 

He MMeTh B03MO/KHOCTH ero rrpttMeHMTh, HO rrepeAaTh ero APyrMM 

HaAO CYMeTh rrptt Bcex ycAOBH.SIX. LI;errh KYAhTYPhI He AOJ\/KHa 
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5. 38.0.8411, nocraaneHHbte >KM3Hbl0 

rrpepbIBaTbCH. l1Ha'le .l\IOMIM OIIHTb rrpHAeTCH A06hIBaTb oroHb 

TpeHHeM AByx xoporno BhlcyrneHHhIX AepeBHHHhIX AepeBHIIIeK. 

MbI pocAM He B caMhie YA06Hbie MH Bbiparn;HBaHHH AeTeH: 

fOAbl. HarrpHMep, MOHMH HrpyrnKaMH 6bIAfl IIO'ITH HCK.l\IO'lHTeAb

HO pa306paHHbie, a 'lYTb II03)Ke - pa36HpaBIIIHecH MHOIO, cHa

t.Ia.Aa c IIOMOill;blO oni;a, a IIOTOM H caMOCTOHTeAbHO - 31\.eKTpH

qecKHe H PdAHOIIpH6opbI. Ho rrpH 3TOM 6hIAM rrpHBHTbI HHTepec 

K TeXHHKe H ee HCTOpHH, 3a 'ITO H H 6AaroAapeH MOeMy oni;y, 

3acAy)KeHHOMY 3HepreTHKY PC<l>CP AAeKcaHAPY AmKHHa3H. 

OTcyYnneHMe 1 - nonMTMKO-MCTopM~ecKoe 

BrrepBhie H oKa3a.ACH rrepeA 3THM My3eeM AeTOM 1989 ro

Aa. Co6bITHH Ha3peBdAfl, HO BHeIIIHe 3TO 6bIAO 3aMeTHO cAa6o. 

l16o 60AbIIIHHCTBO .l\IOAeH AM60 He BepHAO, 'ITO 'ITO-TO H3MeHHT

CH, AM60 TBepAO BepHAO, 'ITO H3MeHHTCH, HO He 3HaAO KOrAa. 

CAeAyIOrn;HH: pa3 H rrorra.A c10Aa AeTOM 1990 roAa. Ka~hie 15 MH

HYT HdA ropOAOM c rpoxoTOM rrpoAeTa.A oqepeAHOH: HCTpe6HTeAb. 

no YAHIJ;e BHAbHHyc, MHMO AOMa 174 IIIAfl peAKHe rrpOXO)KHe. Te

HH AflCTbeB IIIeBel\.HAMCb Ha KaMHHX, KOTOpbIMH BblJ\.O)KeHa 3Ta 

rrernexoAHaH yAMIJ;a, Ha YKparna10rn;Hx ee cKyAI>rrTYPaX H cpoH

TaHax, Ha 3a6aBHbIX KaMeHHbIX 3HaKaX-CHMBOJ\.aX - 60THHKOM 

rrepeA 06YBHhIM Mara3HHOM, pb160H: H KarrycTHbIM KO'laHOM rre

peA rrpOAYKTOBbIMH, qarueH: H 3MeeH: rrepeA arrTeKOH, IIO'leMy

TO ABYMH MYAPhIMH o6e3bHHaMH rrepeA 6aHKOM, cpoToKaMepoM: 

rrepeA cpoToaTeAbe. Ka3a.AOCh - eAHHCTBeHHbitt, KTO 3aMet.Ia.A 

e)KeIIHTHdAIJ;aTHMHHYTHbie AeMoHcTpaIJ;HH «rpo3HbIX 6oeBbIX Ma

IIIHH» 6bIA H. A 3a CTeKAHHHOH BHTpHHOH Siauliu visnomeninis 

radijo-televizijos muziejus MOAt.Ia CTOHJ\.H PdAHOarrrrapaThI. 

Mb1 OTKpbrnaeM ABepb H BXOAHM BHYTPh. My3eli HeBeAMK -

ABa. He60AbIIIHX 3aAb'lHKa, CKOpee - KOMHaTbl, BHTpHHbl ITO CTe

HaM (cpOTO 4), OKOJ\.O 20 3KCIIOHaTOB (Ha CKAaAe My3eH - rrpHMep

HO BTpoe 60AbIIIe, HO 3KCII03HIJ;HOHHaH IIJ\.Oill;dAb «He II03BOAHeT»). 

CaMbIH ApeBHHH 3KcrroHaT - cpoHorpacp 1908 roAa. 3a cTeK

AOM - rpaMMocpoHhI, rraTecpoHhI, PdAHOIIpHeMHHKH, TeAeBH30pbI 

H MaKeThI TeAeCTYAHH, rrepBb1e TpaH3HCTOpHbie rrpueMHHKH. OHM 
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rnasa 1. B Ha'-lane nym 

4>oTo 4. My3e~ pa,a,1;10 /;1 renes1;1,a,eH1;1R, 

CT051T, rrpeHCIIOJ\HeHHhie qYBCTBa co6CTBeHHoro AOCTOHHCTBa -

CKOAhKO AeT, CKOAhKHM AIOA51M OHM ycrreAR BepHO IIOCAYJKHTh. 

5I 6hI Bee )Ke HHOfAa BKAf()qaA HX - HaBepHoe, HM 3TO 6bIAO 6bI 

rrpH51THO. 11 qeAOBeKy, AOArOH 3HMHeH HOqbIO CHA51IIJ;eMY y CTapo

ro rrpHeMHHKa, KaKOI'O-HH6YAh «Ka3aXcTaHa» HAR <«DecTHBaA51» 

HAR Aa)Ke P-250 AeAaeTc51 xoporno ... OH TeIIAhIH, OH KaK 6yATO 

)KHBOH, H era illKaAa CBeTHTC51 B IIOAYThMe KOMHaThI... 11 YeAo

BeK AeAaeTC51 He OAHHOK B 3TOM MHpe. 

He rroTOMY AH crrOKOHHO illAH AIOAH, BPOAe 6hI Aa)Ke H He 

3aMeqa51 rpoxoTa HaA ropoAOM? He IIOTOMY AH, qTo 3AeCh 6hIAH 

TaKHe My3eH? KoHeqHo, HeT - HO TaKne My3eH ecTh rrpH3HaK 

orrpeAeAeHHoro AyrneBHoro 3AOpOBh51, orrpeAeAeHHOH rapMOHHH. 

KaK KOllIKH, MHpHo o!\PeMAIOru;ne Ha ra3oHe rrocpeAH ropoAa (HAM 

3aAYMqHBO C03epu;a10ru;ne rrpOXO)KHX). KaK qncThie MOCTOBbie. 

KaK TPH yttHKaAbHhie My3e51 B OAHOM ropoAe - My3eH: PaAHO 
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5. 38.0.8'111, nocraaneHHbJe >KM3Hb/O 

Wsiym:u;;, ni.nsa (cporo asropa) 

11 Te.11.eB11AeH115l (He eAJ1HCTBeHHhIH .ll.l1 B M11pe?), MY3eH: cTap11HHhlX 

Be.11.ocmieAOB 11, HaKOHeu;, My3eH: KOIIIeK, Toqaee - BC5lqecKHX 11X 

11306paJKeH11H (eCTh eru;e OA11H - B illBeH:u;ap1111). 5I pa3rOBap11Ba.ll. 

c pa3HhIM11 J\.JOAhM11 11, IIOKa3hIBa5l r.11.a3aM11 BBepx, rrp0113HOCl1.I\. 

«pa3.11.eTa.ll.l1Ch, Aa? » 0A11H y.ll.h16tty.11.c5111 cKa3a.11. «rrpa3AH11K OTMeqa

IOT» (6hr.11.a roAOBID;l1Ha rraKTa Mo.11.oToBa- P1166emporra), ApyroH: 

3aMem.11. «paHbIIIe OH11, 3axoA51 Ha IIOCaAKy, CJ\.l1Ba.ll.l1 HaA ropOAOM 

roproqee ». Eo.ll.hIII11HCTBO - rro KpaH:HeH: Mepe BHeIIIHe -11rHop11-

poBa.11.o MaJl.hqmuecK11e AeM0HcTpau;1m «CTapIIIero 6paTa». 

My3eH: PaA110 11 Te.11.eB11AeH115l - o6ru;ecTBeHHhlH. 3To 03Ha

qaeT, qTo BXOA B Hero 6ecII.11.aTHhIH, qTo JK11BeT OH 3a cqeT MeCTHhIX 

paA11orrpeArrp115ITl1H. Co6cTBeHHO, 3TO TOJKe 3.11.eMeHT u;11B11.ll.l130-

BaHHOCT11 - H60 D;HBHJ\.l130BaHHhIH 6M3HeC BcerAa IIOMepJKIIBaeT 

KY.11.hTYPY· 3To ero CBOHCTBO, KaK cBoH:cTBO ero rrpeACTaBHTe.11.eH: 

ecTh HOJKOM H BM.II.KOH, a He PYKaMH. 0TKphIT11e My3e5l B illHy-
1 
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rnaaa 1. B Ha4a11e nyru 

J\.5Ie MO)KHO paccMaTpI1BdTh KdK 3dKOHOMepHOCTh - rr6o rrepBbie 

B ArrTBe OIIhIThI c PdARO 6hIAI1 CAeAaHhI B 1918 roAy rrMeHHO 3Aech, 

B 1924 roAy 3AeCb 6hIAa ocHoBaHa paAROAa6opaTopmI, B 1930 -
ocyru;ecTBAeH rrprreM TeAerrepeAaqrr (H3 EepAI1Ha) rr, HdKOHeu;, 

B 1957 - 6hIJ\.I1 BBeAeHbI B CTpoH: rrepBble JU06rrTeJ\.hCKI1e pa

AHOCTaHu;rrrr. Ha3namu1 «TeMrr» H «I.lJ;HJ\.5IJ\.I1C» B CCCP 6b1J\.I1 

o6ru;eH3BeCTHhI. I1 3TO - TO)Ke llfayNIH:. 3AeCh 6hIAa CAeAaHa 

PdARoarrrrapaTYPa f'i.l\5J- o6ecrreqeHH.SI rrpeABhl60pHoH: KaMrraHHH 

EJ\.hu;RHa. 3AeCh 6hIJ\.I1 CMOHTHpOBdHhI rrepeABR)KHhie TB-rrepe

AaTqrrKrr, Kor Ad. IIOTep.SIBIIIHe roAOBY ITOJ\.I1TI1KI1 HdIIIJ\.I1 He o6pe

MeHeHHhIX MOpdAbHhIMI1 TOpM03dMI1 BOeHHhIX I1 3dXBdTI1J\.I1 TeAe-

6aIIIHIO B BHJ\.hHIOce. 

Bo MHorHx ropoAax 6bIJ\.I1 H eCTh PdAHOJU06ttTeAH H PdAHO

rrpoMhIIIIAeHHOCTh. 3HaqHT AeAO H B TOM, qTo B 1978 rOAY 3HTY-

3HdCThI ycTpOHAH B ill.SiyAHe PdAHO H TeAeBH3HOHHYJO BhICTdBKy. 

A B 1982 roAy 6b1A OTKphIT My3eH:. TaK rrpo.SIBHAach KYJ\.bTYPHd.SI 

rrpeeMCTBeHHOCTb - BHAHMO B Hell H AeAo. 

AerKo AOKd3hIBdTh, qTo HY)KHhI Beru;H oqeBHAHhle - XAe6, 

HecpTb. AerKO ITPH3hIBdTh K TOMy, qTo (KdK H3BeCTHO ITCHXOAOraM 

H rroAHTHKaM) HaXOAHT OTKJ\.HK B cepAu;ax. TPYAHO AOKd3hIBdTh, 

qTo HY)KHhI My3eH. MO)KHO, KOHeqHo, AOArO roBopttTh 06 o6pa-

30BaTeJ\.bHOH: H ITeAaron1qecKOH Ae.SITeJ\.hHOCTH, KOTopy10 MO)KHO 

BecTrr Ha HX 6a3e, o ITOArOTOBKe KdAPOB f'i.l\5J- PdARorrpoMhIIIIAeHHo

cTH, o rrporraraHAe PdAHOJU06HTeJ\.hcTBa, 06 HCITOJ\.b30BaHHH My-

3eeB B KaqecTBe TYPHCTCKHX 06'beKTOB. I1 Bee 3TO 6yAeT BepHO. 

Ho eCTh KYAa 6oAee y6eAHTeJ\.bHhIH AOBOA «3a» My3eH: B HOpMdAb

HhIX o6ru;ecTBax OHM ecTh. Co3AaBa.SI H ITOMeP>KHBa.SI My3eH, MhI 

C03AdeM HOpMdAbHOe 6yAyru;ee H ITOMep)KHBdeM pOCTKH HOpMbI 

B HdCTO.Silll;eM. 



Tnaaa 2 

CaM&te npocT&te naMn&t 
H HX HenpOCTble npo6neMbl 

1 . Bo3epaw,,eHMe Ha "1TaKy 

lfro6hI Hallie R3AO)KeHire pa3BRBaAOCh TdK )Ke ycrreIIIHO, KdK 

3AeKTpOHHbie AdMIIhl, 6yAeM CAeAOBdTh AOfRKe RX pa3BRTRH -

3dAaqaM R RX perneHRHM. l13AO)KeHRe IIOCTpOeHo TaK: AaMrra -

ee rrapaMeTphI - qeM orrpeAeAHIOTCH - qeM orpaHUtrnBaIOTCH -

rryn:i: pacrnHpeHHH orpaHHqeHHH: TeXHOAOfU'IeCKHe, B TOM 'lRCAe 

rrpHMeHeHHe HOBhIX MaTepHaAOB, KOHCTPYKTRBHbie, TeopeTRqe

CKHe, B TOM qlfCAe rrpHMeHeHHeM HOBbIX rrpHHIJ;HilOB pa60Thl -

HTaK, HOBdH AdMila - Terrepb BCe 3TO 0 HOBOH AaMrre H TdK 

AaAee. KoHeqHo, AaMIIhI pa3BRBaAHch He rrocAeAoBaTeAhHO - OA

Ha 3a Apyro11, a cpa3y no HeCKOAhKHM ITYTHM. BeAh yAyqrnaTh 

XOTeAOCh cpa3y BCe HAH XOTH 6hI HeCKOAbKO rrapaMeTpOB -

XOTh HeMHOro, «Ha 3H rrpoIJ;eHTOB». 3To 6hIAO TPdARIJ;HOHHoe AAH 
CCCP rrAaHttpoBaHHe «OT AOCTHfHYToro» - BrrpoqeM, rroHHTHO, 

qTo IlAaHHpoBaTh TeXHHqecKHH rrporpecc TaK He HaAO. foHO'!HhlH 

aBTOM06HAb H MHKpOAHTpa)KKd HMeAH, KOHe'lHO, o6IIJ;ero rrpeAKa, 

rAoTaBrnero 6eH3RH AHTP 3a AHTpOM R pa3BHBaBIIIero 6erneHYIO 

CKOpOCTh 40 KM/qac, HO KOHCTPyKTOpbl, C03AaBaH HX, rrpecAeAO

BaAH pa3Hhle IJ;eAH, XOTH H pa6oTaAH OAHOBpeMeHHO. B KHHre )Ke 

06 aBTOIIporpecce paccKa3bIBdTbCH 0 HHX 6yAeT IIOCAeAOBaTeAb

HO, B rAaBax «6HTBa 3a KHAOMeTpbI» H «CXBaTKa 3a AHTphI». Apy

roe AeAo, qTo rrocAe '!Temrn xoporne11 KHHrH 'lHTaTeAh AOA)KeH 

BHAeTb HCTOpHIO pa3BHTH.5l TaKOH, KaKOH OHa 6bIAa, rrapaAAeAb

HOll H OAHOBpeMeHHOH. 

06paTHMCH K ttcTopHH. ITepeA HaMR, B AhIMKe rro'ITH BeKo

Boif AaAbHOCTH Ae)KHT OCTpOB l1TaKa. ITOMHHTe - CIOAa BepHyACH 
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rnasa 2. CaMble npocrb1e naMnbl u ux Henpocrb1e npo6neMbl 

0AHCce:H, OH 6bIA OTCIOAa POAOM. TipeAIIP:HMeM )Ke «B03Bpa:w;e

Hl1e Ha ¥fraKy» 11 IIOCMOTp11M, OTKyAa POAOM 3AeKTpOHHbie AaMIIbI. 

BoAHbI - He 3AeKTpoMarHl1THbie, c Hl1Ml1 MbI e:w;e BCTpeTl1MC51, 

a cpeA113eMHOMopcK11e - 6bIOT B 6eper, AepeBo - He Aepe

BO 3AeKTpOHHbIX rrp116opoB (p11c. 3). a OAHBKOBOe - BIJ;eIIl1AOCb 

KOpH51Ml1 B 6eper. KaMepa Hae3)KaeT 11 MbI BHA11M 3CKl13 rrepBoil 

3AeKTpOHHOll AaMIIbI. 

Ha ABope - 1883 roA, 3A11COH Ha6pocaA 3CKl13, II03BaA rro

MOIIJ;Hl1Ka 11 CKa3aA - «CAeAailTe, IIO)KaAyllCTa». OH Mor 6bI CKa-

3aTb - «HatIH11Te, rro)KaAyilcTa, HOBYIO 3py». Ho OH He 3HaA, 'ITO 

OHa Hatil1HaeTC51 - XOT51 11 3HaA, KaK ee HatiaTb. 

Koe-tITO o HatiaAe 3Toil 3rrox11 Bbl y)Ke 3HaeTe. B A110Aax 

3A11COHa, BeHeAbTa 11 <DAeM11Hra rrpoTeKaA 3AeKTpOHHbIH TOK. 

Ho COM11 o6Hapy)Kl1A B 1908 rOAY· 'ITO rrp11 yAyqIIIeHl1ll BaKy

yMa TOK yMeHbIIIaeTC51. 3Tl1 pe3yAbTaTbI 6bIAH IIOATBep)KAeHbl 

B 1912-1914 roAax <Dp11AeHxareHOM, f1p11HTOM 11 TiapKepoM. Bo3-

HHKAO ecTeCTBeHHOe - XOT51 11 HeBepHoe - rrpeAIIOAO)KeH11e, 'ITO 

B a6coAIOTHOM BaKyyMe TOKa He 6yAeT COBCeM. BaKyyMHa51 3AeK

TpOH:HKa, Ka3aAOCb, 6bIAa roToBa yMepeTb, He POA11BIIIl1Cb. Tipo

poqecKYIO AOfdAKY BbICKa3aA e:w;e B 1908 rOAY J\11A11empeAbA: 

yMeHhIIIeH11e TOKa rrp11 yAyqIIIeHl111 BaKyyMa Bhl3BaHO 06pa30-

BaH11eM B AaMrre OTp11IJ;aTeAbHoro 3ap51Aa. AeilcTBl1TeAbHO, y)Ke 

AeT51IIJ;11e qepe3 3a3op KaTOA-aHOA 3AeKTpOHhl 11MeIOT OTp11IJ;a

TeAbHhlll 3ap51A, OTTaAKl1BaIOT 3AeKTpOHbI, TOAbKO BbIAeTeBIIIl1e 

113 KaTOAa, 11 yMeHhIIIaIOT 3Tl1M TOK, TeKy:w;11:H qepe3 3a3op. A rrp11 

HaAH'll111 ra3a 3AeKTpOHhl 110H113YIQT ero, HOBbie 3AeKTpOHhl Hatil1-

HaIOT AB11raTbC51 BMecTe co CTaphIM11 K aHOAYr a IIOAO)Kl1TeAbHhie 

110Hhl, 11MeIO:rn;:He B cpeAHeM B 60 000 pa3 60AbIIIYIO Macey, yxoA51T 

113 3a3opa MeAAeHHO 11 C03AaIOT B HeM II03TOMY 60AbIIIOll IIOAO

)Kl1TeAbHhlll 3ap51A, KOMIIeHc11pYIQ:w;11:H 3ap51A 3AeKTpoHoB. Aa)Ke 

Hao6opoT, OHl1 MOryT BhIT51fl1BaTh 113 KaTOAa AOIIOAHl1TeAbHhie 

3AeKTpOHhI. .. HO CTOII! MhI rrepeCKO'll1AH OT J\11AHempeAbAa rrp51-

MO B cerOAH51IIIHl1ll AeHh. l16o 3Tl1 3cpcpeKThl 51BA51IOTC51 ceuqac 

o6'beKTOM 11CCAeAOBaHl1ll, 0 tieM Hl1)Ke 6yAeT paccKa3aHO. 

Tp110A J\11 Ae <DopecTa TO)Ke pa6oTaA c KOMrreHcaIJ;11eil rrpo

cTpaHCTBeHHoro 3ap51Aa, a 'lllCTO BaKyyMHhie AaMIIbI C03AaAH: 
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1. B038P81.1J8HUe Ha t1raKy 

AMOA - B 1913 roAy Y. A· KyAflNK H B 1915 roAy C. A::mIMaH, 

TpHOA - I1. A3HrMIOp H r. ApHO.l\hA B 1915 rOAY· AAfr. IIOAyqeHH51 

B HHX Toro >Ke TOKa, qTo H B AaMrrax c qacTHqHOH KOMIIeHcau;we:H 

rrpocTpaHCTBeHHOro 3ap51Aa Tpe60BaAfl:Cb 60./\hIIme Harrp51>KeHH51 

KaTOA-aHOA, HO 3aTO OHR pa60TaAH CTa6H.l\hHee. 1160 XOT51 xopo

IIIHH BaKyyM H TPYAHee rroAyqHTh, qeM rrAoxo:H, HO M5I pa6oThI 

J\.aMIIhI c KOMIIeHcau;we:H Hy>KeH He rrpOCTO IIAOXOH BaKYYM, a CTa-

6HJ\.hHO rrAoxo:H. A 3TO o6ecrreqHTh y>Ke MHOro CJ\.O>KHee H B AaH

HOM CAyqae CAO>KHee, qeM xopOIIIHH BaKyyM. 

0CHOBHa51 cpopMyAa, OIIHChIBaIOiu;a51 pa6ory 3AeKTpOHHbIX 

AaMrr, 6b1Aa rroAyqeHa 11. A::mrMIOpoM B 1915 rOAY· Ha3bIBaIOT ee 

qaiu;e Bcero He cpopMyAo:H A3HrM10pa, a «3aKOHOM 3/2». AIOAH 

c coBecThIO MOryT YTeIIIHTh ce6H paccy>KAeHHeM, qTo qeAoBeK, 

CAeAaBIIIHH M5I cpH3HKH H XHMHH CTO.l\hKO, CKO.l\hKO CAeAaA 11p

BHHr A3HrMIOp, He CTaA 6hl TpaTHTb BpeM51 Ha rrpHOpHTeTHhie 

crropbl. 11TaK: TOK, TeKyiu;HH qepe3 BaKYYMHbIH 3a3op, rrporrop

u;HOHMeH IIJ\.Oiu;aAH 31\.eKTpOAOB, HaIIp51>KeHHIO Ha 3a3ope B cTe

rreHH 3/2 H o6paTHO rrporropu;HoHMeH KBaApary 3a3opa (pHc. 4). 
CTpH 3TOM rrpeAIIOAaraeTCH, qTo H3 KaTOAa 3MHTTHpyeTCH B BaKy

YM CTO.l\hKO 3AeKTpOHOB, cKO.l\hKO Ha.AO M5I rrpoTeKaHHH AI06oro 

TOKa, HAif, KaK roBOp51T, «3MHCCH51 KaTOAa HeorpaHHqeHa». 

<DopMyAa A3HrM10pa 6h1Aa BhIBeAeHa M5I cAyqaH, KOrAa pa3-

MephI 3AeKTPOAOB BeAflKH no cpaBHeHHIO c 3a30pOM, 3AeKTPOAhI 

IIJ\.OCKH H rrapaAAe.l\hHhl, a 3AeKTpOHbl IIOKHAaIOT KaTOA c Haqa.l\hHOH 

cKopocThIO, paBHOH HyAIO. K rrocAeAHeMy ycAOBHIO Mhl eiu;e Bep-

~/-~ 
----U 

I 

P111c. 4. ToK a aaKyyMHOM sa3ope 
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rnasa 2. CaMb/e npoCTble flaMnbl //I //IX HenpOCTble npo6neMbl 

<l>oTo 5. nepsoe noKOneHL-'le coseTCKL-1X naMn. Bsepxy - ML-1KpoAC, ML-1K
po, YT-1, BHL-13y-n-7, P-5 (20-e roAbl npownoro seKa) (cporn 5-10, 12-14-

6. 3. KaHTOpa, none CHL-1MKa npL-1MepHO 20 CM Ha 15 CM) 

HeMC5I, a IlOKa -yKa)KeM, qTo Il03)Ke 6bl.llli IlO.l\.ytieHhl cpopMy.l\.hI 

AAfI. 3.1\.eKTPOAOB 11 Apyr11x cpopM. Ho Bee 3To 6hI.l\.O IT03)Ke, a rro

Ka qTo CTa.l\.O 5ICHO, rroqeMy B .l\.aMnax c xopolllHM BaKyyMOM TOK 

MeHbllle, HO CTa6H.l\.hHee. l1 3.1\.eKTpOHHKa IlOlll.l\.a no rryTH Ma.l\.hIX, 
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2. lfepHblU RUJ,MK, era napaMeTpbl 14 H84MHK8 

HO CTa6M.l\.hHhIX TOKOB, 'IT06hI MHOro AeC51TMAeTMR CITYCT51 3aMH

TepecoBaThC51 APeBHMM cIToco6oM YBeAH'leHM51 ToKa ... «BITpo'leM, 

Bee :no 6bIJ\.O B Ha'laAe, a Ha'laAO ITpeKpaCHO BCerAa» (A. faAH'I). 

B 3aKAfO'leHMe 3Toro ITaparpacpa IT051CHMM, 'ITO AaHHa51 KHM

ra He ITpM3BaHa cTaTh yqe6HMKOM MMeHHO ITO MCTOpMM 3BIT, 

MK BOITpocy, KTO, 'ITO M KOfAa ITpeAJ\.O)KMJ\., Mhl o6pamaeMC51 Aa

AeKo He Be3Ae. B ceTM M 6YMa)KHhIX KHMrax eCTh AOBO.l\.hHO MHOro 

MaTepMaAOB ITO 3TOR TeMe, XOT51 OHM HeCKO.l\.hKO pa3p03HeHhI -

B OAHOM MCTO'IHMKe pe'lh MAeT 06 OAHOM ITpM6ope, B APyrOM -

o ApyroM. B OAHOR KHMre Ha3BaH OAMH M3o6peTaTeJ\.h, B Apyroli 

cTaThe - Apyroli, Ha caliTe - TpeTMli. Mo)KeT 6hITh, KOrAa-HM-

6yAh M Mhl o6paTMMC51 K 3TOR TeMe. A ITOKa - K AaMITaM (cpoTO 5). 

2. 'iepHblH Sl~MK, ero napaMeTpbl M Ha'IMHKa 

BepHeMc51 K AMOAY 3AMCOHa M ITOCMOTpMM Ha Hero cHapy)KM. 

3To «'lepHhlll 51mMK» (TaK B TeXHMKe Ha3hIBaIOT TO, BttyTpeHHMM 

ycTpORCTBOM qero ITOKa He MHTepeCYIQTC51) c TpeM51 KAeMMaMM 

AJ\.51 ITOAKAfO'leHM51 BHellIHMX u;eITeli (pMc. 5). 
«l.J:epHhIR 51mMK» xapaKTepM3yeTc51 BXOAHOR xapaKTepMCTM

KOli IBx(UBx) M ITepeAaTO'IHOR xapaKTepMCTMKOR - I 8 blX(U8 x). Ka

qecTBO «51mMKa» TeM Bhillle, 'leM MeHhllle - I 8 x M 601\.hllie JBhix 

ITPM HeKoTopoM 3Ha'leHMM UBx· MaAoe 3Ha'leHMe I8 x, MAH, KaK 

roBop51T, BhICOKOe BXOAHOe coITpoTMBAeHMe RBx = U8 xf l 8 x 03Ha

qaeT, 'ITO 51mMK ITOTpe6J\.51eT Mal\.O 3HeprMM M3 u;eITM yITpaBJ\.eHM51, 

601\.hllIOe JBhlx 03Ha'laeT, 'ITO 51mMK MMeeT 601\.hIIIOe ycMAeHMe 

IBblX 

j pocTU 

PMc. 5. '-lepHbll1 51UJ,MK (cnesa) 111 ero xapaKrep111cr111K111 (cnpasa) 
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rnaBa 2. CaMb1e npoCTb1e naMnb1 11 11x HenpocTble npo6.neMbl 

no TOKY IBblX/ I Bx HAM KPYTH3HY s = IBblx/UBX r TO ecn, xopo

IIIO ycHAHBaeT cHrHaA.. ITepexoNI Ha p~HoAI06HTeAhcKHH 513hIK, 

MO:>KHO CKa3aTb, qTo HH3KOe BXOAHOe corrpOTHBJ\.eHHe He Aa

eT B03MO)KHOCTH IIOAKAIOtJaTb KO BXOAY BhlCOKOOMHhIH HCTOlJ

HHK CH:fHaAa, HaIIpHMep, IIbe303.l\.eKTpH:qecKIJH 3ByKOCHHMaTe.l\.h, 

a MaA.oe ycHAeHH:e Tpe6yeT HaAJfqH:5J 60Ahl110fO KOAH'!eCTBa TaKH:X 

3.1\.eMeHTOB, 1IT06bI CAa6eHbKHH CH:fHaA OT MHKpocpoHa rrp03By-

1IaA Ha BCIO IIAoru;aAh. MbI paccMaTpH:BaeM AOBOAhHO IIOAp06Ho 

rrapaMeTphI AHoAa AHIIIh rroToMy, 'ITO rrapaMeTpaMH RBx H S xa

paKTepH3YIOT pa6ory H ApyrHx J\.aMn To.tKe. Bnpo11eM, AA5J HHX 

rroTpe6yeTc5I BBeAeHH:e H APyrHx napaMeTpoB. Terreph BepHeMC5I 

K «1IepHOMY 5IIIJ;HKY» H 3arMHeM BHYTPh Hero (pHc. 6). 
BXOAHOe HaIIp5I:>KeHH:e H TOK Terrepb 6YAYT Ha3hIBaTbC5I Ha

npH:>KeHH:eM H TOKOM HaKaAa, BbIXOAHOH TOK CTaHeT aHOAHblM 

TOKOM, HanpH:>KeHH:e, IIOAKAJOqeHHOe B BbIXOAHOH u;errH, - aHOA

HbIM Hanp5I>KeHI1eM. 

KpYTH3Ha xapaKTepHCTHKH 3aBH:CHT OT COOTHOilleHH:H TOKa, 

orrpeAe.l\.5IeMoro 3aKOHOM 3/2, H TOKa 3MHCCHH - TOKa 3AeKTpo

HOB, IIOKHAaIOru;Hx KaTOA. EcAH TOK 3MHCCHH MeHbille, TO Bech OH 

H npHXOAHT Ha aHOA, ecAH TOK 3MHCCHH 60AhIIIe, TO -qacTb 3AeK

TpOHOB B03Bparu;aeTC5I Ha KaTOA, a AOJ\.51, orrpeAeMeMaH 3aKOHOM 

3/2, rrpHXOAHT Ha aHOA. ToK 3MHCCHH oqeHh CHAhHO 3aBHCHT 

OT TeMnepaTYPbI KaTOAa, cpopMyAa AA5I TOKa 3MHCCHH 6bIJ\.a no

AyqeHa 0. Y. PH:qapACOHOM B 1902 roAy H no3>Ke MhI c Heft rro3Ha

KOMHMC5I. TeMnepaTYPa KaTOAa, B CBOIO oqepeAh, orrpeAe.l\.5IeTC51 

HarrpH.tKeHHeM HaKaAa. TaK H no.l\.yqa10TC5I 3aBHCHMOCTH, rroKa-

3aHHhie Ha pHc. 5 cnpaBa H Ha pHc. 7 c.l\.eBa. KpYTH3Ha HaKaA.hHOH 
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2. '-lepHb/M flll.IMK, era napaMeTpbl 11 H8'111HK8 

IA IA 

3/2 
H 

i i 
pocT UA pOCT UH 

3/2 H 

UH UH 

Pi.tc. 7. HaKallbHa51 (c11e0a) 1-1 sonbT-aMnepHa51 (cnpasa) xapaKTep1-1crnK1-1 

AL-10Aa. «H» -0611aCTb HaCbl~eHL-151, TOK aHOAa paseH TOKY 3ML-1CCL-11-1, «3/2»

TOK aHOAa onpeAeJ151eTC51 3aKOHOM 3/2 1-1 MeHbWe TOKa 3ML-1CCL-11-1 

xapaKTep11CTl1Kl1 A110Aa BeCbMa Be.llliKa, a BOT ITO qaCTl1 BXOAHOro 

corrpoT11B.l\.eH11.H B cxeMe p11c. 6 A110A IIOAKaqaJ\., ConpoTHB.l\.eH11e 

HHTH HaKa.l\.a AaJKe AJ\..H oqeHb TOHKl1X Hl1Tell: He rrpeBOCXOAHT Ae

C5ITKOB OM. 3To corrpoTl1B.l\.eH11e HaMHoro MeHbIIIe Tex BXOAHbIX 

corrpoTl1B.l\.eH11ll:, c KOTOpb1M11 xoTe.llli 6h1 11MeTb Ae.l\.o PaAHOTex

H11K11, 11 HaAeJKAbl ncrrpaBl1Tb IIO.l\.OJKeH11e KOHCTpyKTHBHbIMl1 H./lli 

TeXHO.l\.Or11qecKl1Ml1 MepaMH HeT. J\aMrry c Hl1Tbl0 AJlliHOIO B Kl1.l\.O

MeTp CAe.l\.aTb MOJKHO (XOT5I 11 pa6oTaTb c HeIO 6yAeT HeyA06Ho), 

a BOT npoBo.l\.oKy c Al1aMeTpoM B 1 MKM CAe.l\.aTh oqeHb TPYAHO. 

BAo6aBOK y .l\.aMIIbl c TaKHM TOHKl1M KaTOAOM 6yAeT Ma.l\.a.H Kpy

TH3Ha - BeAb qeM MeHbIIIe II.l\.O~aAb KaTOAa, TeM MeHbIIIe TOK 

3MHCCHH 11, C.l\.eAOBaTe.l\.bHO, era l13MeHeHH5I. /'vl5f- AHOAa 3AHCOHa 

Borrpoc 0 KOMIIpOMl1CCe Me)KAy rrapaMeTpaM11 He ycrre.I\. BCTaTb 

OCTpO, HO B Aa.l\.bHeliIIIeM 06.llliK KOHKpeTHbIX 3.1\.eKTpOHHblX .l\.aMrr 

orrpeAeM.l\.C.H BO MHoroM 11MeHHO TaK ... HY qTo JK, KPYT113IfY yse-

Jlliql1Tb MOJKHO, HO YMeHhIIIl1TC5I rrpoqHoCTb ... rrp11 TOH JKe rrpoq-

HOCT11? - MOJKHO, HO yseJlliqaTC5I ra6ap11Tbl ... B TeX JKe ra6ap11-

Tax? - MOJKHO, HO 6yAeT AopoJKe ... 11 TaK Aa.l\.ee. 

Tip11HIJ,11IIl1a.l\.bHO HOBOe peIIIeHHe - 11 B TeXHHKe, H B JKl13-

Hl1 - 3TO TaKOe, KOTopoe yAyqIIIaeT OAHO He B ym;ep6 ApyroMy. 

OrrT11Ma.l\.bHOe coqeTaH11e KOMrrpoM11ccHbIX 11 rrp11Hn,11rr11a.l\.bHO 

HOBblX peIIIeHIIll - 3TO 11 eCTb 11HJKeHepHoe MacTepCTBO. 
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rnasa 2. CaMbJe npoCTbJe naMnbJ 1111x HenpocTbJe npo6neMbJ 

3aMeTHM, qTo ecJ\H Ha aHOA IIOAaTb OTpttu;aTeAbHOe HaIIp51-

)KeHHe, TO, KaK Bbl yJKe 3HaeTe, TOK qepe3 AaMrry Teqh He 6yAeT. 

ITo3TOMY AHOA MOJKHO rrpttMeH51Th KaK BhIIIp51MHTeAh, AA5I rrpeo6-

pa3oBaHH51 rrepeMeHHoro (HarrpttMep, cttHycoHAaAbHoro) Harrp51-

JKeHH51 B rryAbcttpy1mu;ee (Hll)KHHe IIOAOBHHKll ornycOHAhI «cpe-

3aIOTC51»). Ho rroAyrrpoBOAHHKOBhie AHOAhI BhIIIOAH51IOT 3TH JKe 

cpyttKu;HH HaCTOAhKO ycrrenrno, qTO K HaCT05IIu;eMy BpeMeHH Ba

KYYMHbie AHOAhI B arrrrapaTYPe rnttpoKoro rrpttMeHeHH51 rrpaKTH

qecKH He rrpttMeH51IOTC51. BrrpoqeM, y rroAyrrpoBOAHHKOBhIX rrpH-

6opos eCTh ABa oqeHb CAa6hIX MeCTa - 3Tll rrptt60pb1 He BhIAep

)KllBaIOT BhICOKHX TeMrrepaTYP H CHAhHOtt PdAttau;tttt. K 3TOMY 

sorrpocy MhI eiu;e sepHeMC51. Ho KaK «ycttJ\HTeAh» rrpttMeHHTh 

AHOA rrpII IIOAaqe HaIIp51JKeHII51 Ha aHOA HeAh351 - BeAh 3aBHC51-

Iu;llll OT Harrp51JKeHH51 TOK 6yAeT rrpoTeKaTh B Torr JKe, BXOAHOH 

u;errII. KoHeqHo, MOJKHO 6hIAO 6b1 sKAIOqHTh AaMrry «Hao6opoT», 

IIOAaBa51 CIIrHaA Ha aHOA, HO TOK, rrpoTeKaIOiu;IIH ITO HllTII HaKaAa, 

CAa6o 3aBHCeA 6bI OT HaIIp51JKeHH51 Ha aHOAe - TOAbKO 3a cqeT 

yxoAa qacTII TOKa HaKaAa B BaKyyM II Ha aHOA. KpyTH3Ha rrpH 

TaKOM sKAIOqeHIIII 6hIAa 6b1 oqeHh MaAa. BrrpoqeM, crrycT51 AeC51-

TIIAeTII51, KaK Mhl II03)Ke Y3HaeM, IIOXOJKa51 HAe51 B03HIIKAa II 6hIAa 

peaAII30BaHa. 

Cyiu;ecTBYIOT J\J1 IIHhie, KpoMe H3MeHeHII51 TeMrrepaTYPhI Ka

TOAa II HaIIp51JKeHII51 Ha aHOAe, crroco6hI yrrpaBAeHII51 ABIIJKeHH

eM 3AeKTpOHOB? KoHeqHo. CoBceM He o6513aTeAhHO II3MeH51Th 

Harrp51JKeHIIe Ha aHOAe - BeAb ABIIJKeHHe 3AeKTpOHOB 3aBIICIIT 

OT 3AeKTpIIqecKIIX IIOAett, C03AaHHhlX HaJ\HqIIeM 3ap51AOB II rro

TeHu;ttaAOB Ha AI06bIX 3AeKTPOAaX, CT051Iu;IIX Ha IIyTII 3AeKTpOH

HOro IIOTOKa llJ\H P51AOM c HHM. 

3. AeocbKa AflSI 3neKTpoHoe 

J\II Ae <l>opecT rrocTaBHA Ha IIyTII 3AeKTpOHOB ceTKy. Pa3y

MeeTC51, OHa 6bIAa He II3 KarrpoHa, a ll3 rrpOBOAoqeK, ll OTJ\Hqa

AaCh OT aBOChKll eiu;e II TeM, qTo AOAJKHa 6hlAa He 3dAepJKIIBaTb 

KapTOIIIKy, a rrporrycKaTb qepe3 ce651 3AeKTpOHhl, yrrpaBA5151 IIX 

ABHJKeHIIeM. 
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3. AeocbKa /1/lfl aneKTpOHOB 

Terrepb yrrpaBAfI10rn;n:H cHrHaA HCiAO 6b1.11.o rroAaBaTb Ha ceT

KY (pnc. 8), a BbIXOAHbIM CHrHaAOM rro-rrpeJKHeMy 6b1.11. aHOAHbIH 

TOK IA. ITocMoTpHM, qTo rrpon3orn.11.o c HeAOCTaTKOM AHOAa -

HH3KHM BXOAHbIM corrpoTHB.11.eHHeM. HeAOCTaToK ycTpaHeH, rrpn

qeM PCiAHKaAbHO. BxOAHOe corrpoTHB.11.eHHe YBe.11.HqeHo Ha 7 rro

P51AKOB, a HeKOTOpb1e AOIT0.11.HHTe.ll.bHbie Mepb1, o KOTOpbIX 6yAeT 

paccKa3aHo AaAbIIIe, rro3B0.1\.51IOT YBe.11.HqHTb BXOAHOe corrpoTHB

.11.eHne ern;e BO CT0.11.bKO JKe pa3. f1oqeMy BXOAHOe corrpoTHB.11.eHHe 

B03poc.11.o TaK CH.11.bHO? ITpn oTpnu;aTe.11.bHOM rroTeHu;naAe ceTKH 

OTHOCHTe.11.bHO KaTOAa 3.11.eKTpOHbl, 3MHTTHpOBaHHhle KaTOAOM, BO

o6rn;e He ITOITCiAalOT Ha ceTKY (oHa HX OTTa.11.KHBaeT) H BXOAHOH 

TOK MOJKeT rrpoTeKaTb T0.11.bKO no CTeK.11.y. KoHeqHo, CTeK.11.0 He HAe

a.11.bHhlH H30.11.51Top, HO AOB0.11.bHO xopornn:H. ITpaBAa, HeKOTOpbie 

3.11.eKTPOHbl ITOITClAaIOT Bee JKe Ha ceTKy, HO HX OKa3bIBaeTC51 He

MHoro. c 3THMH 3.11.eKTpOHaMH Mbl ern;e BCTpeTHMC51, KOrAa peqb 

3aHAeT 0 .11.aMrrax, crreu;HaAbHO CAe.11.aHHbIX TaK, qTo6bI BXOAHOe co

rrpOTHB.11.eHHe 6bl.ll.O oqeHb Be.11.HKO, a ITOKa HaM BaJKHO 3HaTb, qTo 

rrpH OTpHu;aTe.11.bHOM Harrp51JKeHHH Ha ceTKe ( OTHOCHTe.11.bHO KaTO

Aa) BXOAHOe corrpoTHB.11.eHHe .11.aMITbI HaCT0.11.bKO Be.11.HKO, qTo YAO

B.ll.eTBOp51eT 60.11.bllIHHCTBY Tpe6oBaHHH 3aKa3qHKOB. Ho 6yAeT .11.H 

pa6oTaTb .11.aMrra rrpn oTpnu;aTe.11.bHOM Harrp51JKeHHH Ha ceTKe Uc ? 

MoJKeT 6bITb, oTpnu;aTe.11.bHoe Harrp51JKeHHe Ha ceTKe Boo6rn;e rrpe

KpaTHT ABHJKeHHe 3.11.eKTpOHOB K aHOAy? 3aBHCHMOCTb TOKa aHOAa 

OT Harrp51JKeHHH Ha ceTKe H aHOAe TpHOAa ITOKa3aHa Ha pHC. 9. 
B.11.H51HHe ceToqHoro H aHOAHOro Harrp51JKeHH51 Ha aHOAHbIH 

TOK aAAHTHBHO, rrpnqeM aHOAHOe Harrp51JKeHHe B.l\.H51eT c.11.a6ee, 
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rnasa 2. CaMble npoCTb1e naMnb1 11 11x Henpocrb1e npo6neMbl 

PMC. 9. AHOAHO-CeTO"IHble xapaKTep11CTl1Kl1 Tp110Aa 

H60 IIOAe, C03AaHHOe aHOAHbIM HaIIp5DKeHHeM B paH:oHe KaTOAa, 

OCAa6MieTC5I ceTKOH. 11TaK, 

BeAHqHHY m Ha3bIBaIOT ycHAeHHeM ( CMbICA TaKoro CTpaHHOro 

Ha3BaHH5I CTaHeT 51CeH H3 AaAbHeH:ruero), H rOBOpHT OHa 0 TOM, 

BO CKOAbKO pa3 H3MeHeHHe HaIIp51JKeHH51 Ha ceTKe BAH51eT Ha TOK 

CHAbHee, qeM H3MeHeHHe Harrp5IJKeHH51 Ha aHOAe. 11TaK, 

ah ah 
m---·--

- a.Uc· a.uA· 

KpJTH3Ha 3aBHCHMOCTH Ia OT Uc - (ah)/(aUc)r rAe ah - H3-

MeHeHHe aHOAHOrO TOKa, Bbl3BaHHOe H3MeHeHHeM ceToqHoro Ha

rrp51JKeHH51 Uc TaK, ecTeCTBeHHO, H Ha3bIBaeTC51 - KPJTH3HOH:. 

CTpH rroAOJKHTeAbHbIX HarrpHJKeHHHX Ha ceTKe II051BMeTc51 ceToq

HbIH TOK le, a rrpH ero pocTe HaqHHaeT JMeHhlllaThC51 aHOAHhIH 

TOK. Ho 3TOT peJKHM AM pa6oTbI TpHOAOB yJKe HexapaKTepeH. 

11TaK, pa6oTa TpHOAa xapaKTepH3yeTC51 ABYMH ocHOBHhlMH 

He3aBHCHMbIMH rrapaMeTpaMH - KPJTH3HOH H ycHAeHHeM. 11Ho

rAa BBOA5JT ern;e H TpeTHH - OTHOllleHHe ycHAeHH51 K KPJTH3He. 

0Ho paBHo 
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4. BropaR ceTKa noMoraer nepaotlt 

H Ha3hIBaIOT ero, ecTeCTBeHHO, BHyrpeHHHM corrpOTHBJ\.eHHeM. 

3a 'ITO )Ke HdAO 6opOThC5I? 0Ka3hIBaeTC5I, KpyrH3Ha orrpeAe

J\.5IeT crroco6HocTh AaMrrhI ycHJ\.H:BaTh PdAHOCHrHdl\.hI, a K03cpqm

u;HeHT ycHJ\.eHH5I - crroco6HOCTh J\.aMIThl ycHJ\.H:BaTb HH3KO'IaCTOT

HOe (3BYKOBOe) HarrpH)KeHHe. f103TOMY B 3aBHCHMOCTH OT rrpeA

Ha3Ha'!eHH5I J\.aMIThl HdAO 6opOThC5I (KaK H CJ\.eAOBa.1\.0 O)KHAaTb) 

3a pa3Hhie rrapaMeTphI. 

4. BTopaSI ceTKa noMoraeT nepeoM 

Ho, OAHaKo, HCTopHH TpHOAOB Ha'!aAach c Apyroro. f:,.,MJ. pa-

6oThI rrepBhIX TPHOAOB HY)KHO 6hIAO aHOAHOe HarrpH)KeHHe BO 

MHoro AeCHTKOB BOJ\.hT. f1HTdl\.H:Ch TOrAa PdAHOcxeMhI OT 6aTapeH, 

a coeAHH5ITh IlOCJ\.eAOBaTeJ\.hHO CTO 3.1\.eMeHTOB He XOTe.l\.OCh. f103-

)Ke, KOrAa PdAHOaimapaTYPaCTa.l\.a IlHTaThC5I B OCHOBHOM OT ceTeH: 

rrepeMeHHoro HarrpH)KeHHH, AOrrycKaIOiu;HX AerKoe ero IIOBhIIIIe

HHe rryreM TpaHccpopMau;HH, ocTpoTa rrpo6AeMhI YMeHhIIIHAach. 

Ho rrpo6A.eMa He Hc'Ie3Aa coBceM, a KpoMe Toro, Ha rryrHx YMeHh

IIIeHHH aHOAHOro Harrp5I)KeHH5I 6hIJ\.O HaH:AeHO H peIIIeHHe rrpo-

6AeMbl 601\.hIIIOro ycHJ\.eHH5I. 

11TaK, rro'!eMy TpHOAY HY)KHO HMeTh 601\.hIIIOe aHOAHOe Ha

rrp5I)KeH11e? f1oToMy, 'ITO rrpH 3TOM IIOAyqaeTC5I 601\.hlllOH aHOA

HhIH TOK. Ecl\.H: aHOAHOe HarrpH)KeHHe YMeHhIIIHTh, TO YMeHhIIIHT

CH TOK H, cAeAOBaTeJ\.hHO,. KpyrH3Ha. KaK pa3opBaTh 3'fY u;erro'!Ky? 

KaK rroAyqHTh 601\.hIIIoH: aHOAHhIH TOK rrpH MaAOM HarrpH)KeHHH? 

Ka3aAOCh 6h1, OTBeT rrpHMO cAeAyeT H3 cpopMyJ\.hI .l\3HrMIOpa -

rrpH6.l\.H:3HB aHOA K KaTOAY· Aa, HO rrpH 3TOM aHOAHOe HarrpH)Ke

HHe Ha'IHHaeT CHJ\.hHee AeHCTBOBaTh Ha TOK H, CJ\.eAOBaTeJ\.hHO, -

AeH:cTBHe-To ceTKH ocTaeTCH TaKHM )Ke! - YMeHhIIIaeTCH ycH

J\.eHHe. A 3TO TO)Ke He 3AOPOBO. 11TaK, HdAO H rrpH6.l\.H:3HTh aHOA 

K KaTOAY H He rrpH6.l\.H:3HTh ero ... HaBepHoe, rrpHMepHo TaK pac

cy)KAaA 11 . .l\3HrMIOp, rrpeAJ\.O)KHBIIIHH B 1913 rOAY BBeCTH B TpH

OA AOIIOJ\.HHTeJ\.hHYIO ceTKy, HdXOA51Iu;YJOC5I 61\.H:)Ke Bcero K KaTO

AYr H IIOAdTh Ha Hee IIOJ\.O)KHTeJ\.hHOe Harrp5I)KeHHe. 3TH AaMIIhI 

6hIJ\.H: Ha3BdHhl «AByxceTKdMH», H OHH AeHCTBHTeJ\.hHO pa6oTa

J\.H: rrpH MeHhIIIHX aHOAHhIX HarrpH)KeHHHX - 10-20 B rrpOTHB 
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rnasa 2. CaMble npocrb1e naMnb1 11 11x Henpocrb1e npo6neMbl 

100 B. Ho e roAaMH rroAyqaTb ShieOKHe Harrp5DKeHH51 eTaHOSH

AOeb see Aer11e H Aer11e H, Ka3aAOeb, seK ASyxeeTOK KOH1IHAe51, 

He Ha11asIIIHeb. Ao so3po)K,l'i,eHirn HAeH «AsyxeeTKH» s 3AeKTpo- · 

MeTpH11eeKHX AaMrrax (o HHX MbI y3HaeM rro3)Ke) 6b1Ao elll,e AaAe

KO. 

BTopoe po)KAeHHe sTopoH: eeTKH rrpoH30IIIAO s 1926 rOAY· 

B. illoTIKH H A. XoAA rrpeMO)KHAH paerroAO)KHTh sTopyro eeT

KY Hao6opoT, 6AH)Ke K aHOAY· ITpnaHOAHa51 eeTKa 3KpaHnposMa 

KaTOA OT aHOAa H, eAeAOSaTe.l\hHO, yseAH1IHSMa yeHAeHHe. 3Ta 

AaMna 6b1Aa Ha3saHa TeTpOAOM. TaK 6h1Aa peIIIeHa rrpo6AeMa Ma

Aoro yeHAeHH51 TpHOAa. 

Terrepb serrOMHHM 0 TpeTbeM HeAOeTaTKe TpHOAa - MMOH 

KpyTH3He. ¥fa cpopMyAhI J\.3HrMIOpa SHAHO, KaK ee yseAH1IHTb -

rrpn6AH3HTh eeTKY K KaTOAY· Ha 3TOM IIyTH 3a ASdAu;aTh AeT 

( e Ha1IMa eopOKOSblX AO KOHu;a II51THAee51TblX rOAOS rrpOIIIAOro 

seKa 3a3op eeTKa-KaTOA 6hIA YMeHhIIIeH s 10 pa3 - e 200 MKM 

AO 20 MKM. Ho 3TO IIOTpe6oSMO e03AaHH51 TeXHOAOrHH H3rOTOS

AeHH51 rrpOSOAOKH AHaMeTpOM 7 MKM (s 7 pa3 TOHbIIIe SOAOea) 

H paAHKa.l\hHoro H3MeHeHH51 TeXHOAOrHH H KOHeTPYKI.J;HH AaMrr. 

BeAb MaAo H3rOTOSHTh 3TY rrposOAKy, HdAO elll,e eAeAaTb H3 Hee 

eeTKy, Ha 1ITO-To HaMoTaTb, KaK-TO 3aKperrHTh ... Bee 3TO 6b1Ao eAe

AaHo, H KpyTH3Ha 6bIAa yseAH1J:eHa, HO see )Ke AaMIIbI e TaKHMH 

eeTKaMH 6bIAH eAO)KHbIMH s rrpoH3SOAeTse H AOporHMH. ApyroH: 

IIyTh - 3TO 6bIA OII51Th IIyTh «AsyxeeTOK». IToAO)KHTeAhHa51 rrpH

KaTOAHa51 eeTKa yseAH1IHSMa TOK H yseAH1IHSMa KpyTH3Hy. 

Brrpo11eM, AdMIIhI e rrpHKaTOAHhIMH eeTKaMH Aa)Ke e TpeTbe

ro 3dXOAa He SbITeeHHAH rrpo11tte. y se51KOH xopoIIIeH Selll,H eeTb 

HeAOeTaTKH, KpoMe Toro, Ma.l\hIH 3a3op KaTOA-eeTKa 0Kd3Me51 

Hy)KeH H AA5I AaMII, pa6oTaIOIIJ,HX Ha SbieOKHX 11aeTOTax (rrop51A

Ka 1 rru;). 3a1IeM - Mbl Y3HaeM II03)Ke, a IIOKa 3dMeTHM, 1ITO 

1J:eM MeHbIIIe 3a3op, TeM 60.1\hllle SAH51eT Ha rrapaMeTpbI AaMIIbI 

ero H3MeHeHHe. TaK 1ITO MMO eAeAaTb 3a3op Ma.l\hIM, HdAO ero 

eAeAaTb MaAO ll3MeH51IOIIJ,llMe51 H OT AaMIIbI K AaMrre H s rrpo

u;eeee 3KerrAyaTaI.J;HH. c ApyroH: eTOpOHbI, eHAhHa51 3aSHeHMOeTb 

rrapaMeTpos AaMIIbl OT IIOAO)KeHH51 ee 3AeKTPOAOS HeIIO.l\h30SaHa 

s rrpH6ope, HMeHyeMOM «MexaHOTpOH». 060A01IKa 3TOH J\.aMIIbl 
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5. lfm no3ao11eHo rpuo/l,y, TO He no3ao11eHo rerpo/l,y 

CAe.l\.aHa r116KOH 11, HdJKl1Md5! Ha Hee, MOJKHO rrepeMem;aTb OAl1H 

113 BHyrpeHHl1X 3.1\.eKTPOAOB. 

TaK11e rrp116opb1 II03BOMIOT 3aMeqaTb rrepeMem;eH115! OKOAO 

2 HM 11.1\.11 113Mep5!Tb Cl1.l\.Y 2· 10-7 H. 3To rrp11MepHO Bee C.l\.OBa 

«MexaHOTpOH», Hdlll1CdHHOro xoporneH: (TO ecTb Ill1lllym;eH: TOH

KO) rnap11KoBoH: pyqKoH:. Cym;ecTByeT em;e OAl1H crroco6 YBe.1\.11-

qeH115! Kpyr113Hbl .l\.dMII. Ho OH rrp11MeHl1M He TO.l\.hKO K Tp110AdM, 

a K .l\.I06b1M .l\.dMildM, 11 Mbl paccMOTp11M ero II03JKe. 

A Terrepb rrorrpo6yeM Bocrro.l\.h30BaTbC5! pe3y.l\.hTaTaMH Ha

rn11x cTapaH11H:. «OH ycTaHaB.1\.11Ba.I\. 11 HacTpa:ttBa.I\. PdAl10rrp11eM

Hl1K, 11 Terrepb OH BKJ\.IOqH.I\. rpoMKOrOBOp:ttTe.l\.h •.• BCAyrnaH:TeCb, 

qe.l\.OBeq11rnKa, BCAyrnaH:TeCb 6e3 rraTeTl1K11 11 6e3 HdCMelllKl1, KaK 

3a IIOKpOBOM 3TOrO cMelllHOro rrp116opa ..• Ma5£ql1T Aa.l\.eKHH 06pa3 

3TOH MY3blKl1 6oroB!.. Bbl C.l\.h1rn11Te He TO.l\.hKO M3Hac11AoBaHHoro 

PdA110Ilp11eMHl1KOM feHAeM, KOTOpblH ll B 3TOM Mep3eH:rneM B11Ae 

em;e 6oJKeCTBeHeH, - Bbl C.l\.h1rn11Te 11 B11A11Te, YBaJKaeMblH, 3dOA

Ho 11 rrpeBOCXOAHblH c11MBO.I\. JKl13Hl1 Boo6m;e. CAyrna51 PdAl10, Bbl 

C.l\.bllll:HTe ll BMA:HTe 113BeqHyIO 6opb6y MeJKAy HAeeH: H ee rrpo-

5!B.l\.eH11eM, MeJKAy BeqHOCTbIO ll BpeMeHeM, MeJKAy 6oJKeCTBeH

HblM 11 qe.l\.0BeqecK11M». TaK cqnTa.I\. AaypeaT Ho6eAeBcKoH: rrpe

M11n no .1\.11TepaTYPe fepMaH fecce, TaK OH HdIIHCa.I\. B 1927 fOAY 

B KH11re «CTerrHoH: BO.l\.K». Ceifqac HaM TPYAHO rroH5!Tb, KaK 6b1Ao 

BocrrpMH5!TO .l\.IOAbMM TOH 3rrox11 PdAHO. Ho HCHO OAHO - 6e3 pa

A110, Te.l\.eB11AeH115! 11 CB5!311 Harna 3rroxa 6b1Aa 6b1 coBceM ApyroH:. 

CTorMAeB CO CTOpOHbl, Mbl 6bl He Hd3Bd.1\.11 ee Harnell. A .l\.dMIIbl 

IIOHeMHOry COBeprneHCTBOBd.1\.11Cb - cpOTO 6 11 7, pa3pa6aTbIBa

.l\.11Cb MOlll;Hhle .l\.dMilbl - cpOTO 8 H 9. 

5. 'ho noaeoneHo TpMOAy, 
TO He noaeoneHO TeTpOAY 

CTpn 60.1\.hrn:ttx narrp5!JKeH115!x na ceTKe B Tp110Ae Haq11Ha.I\. 

YMeHbllldTbC5! aHOAHblH TOK (pnc. 9). Hy qTo JK, H11qero cTpaH

Horo - 3.1\.eKTpOHbl rrepexBaTbIBd.1\.11Cb ceTKOH 11 He AOXOAl1.1\.11 

AO aHoAa. CTa.l\.o 6b1Tb, 3TOT 3cpcpeKT AO.l\.JKeH 6b1Tb y .l\.I06oro Tp11-

0Aa. 0AHaKo HeT! B neKOTOpb1x cAyqaRx rrp11 YBeJ\.11qeHHl1 ceToq

noro HarrpRJKeH115! TOK ceTKl1 Haq11Ha.I\. YMeHblllaTbC5!, a TOK aHOAa, 
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rnasa 2. CaMble npocrb1e naMnb11111x Henpocrb1e npo6neMbl 

4>0TO 6. npeACTa81-1TeJ111 BTOporo nOKOJleHl15l - no-74, T0-76, CT-80 
(20-e - 30-e rDAbl XX seKa) 

:.~ 

4>0TO 7. npeACTaBl1TeJ111 TpeTbero ( «OKTaJlbHOrQ», cnesa) 
11 YeTBeprnro ( «na11bYl1KOBb1e», cnpasa) noK011eH115l 
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5. l..fro no3BOneHo rpMoAy, TO He no3aoneHo TeTPDAY 

<l>OTO 8. 6011ee MOll.lHble 11aMnb1, BTOpaS! c11eaa BCKpblTa, 

BHAHbl KaTOA H ABe ceTKH 

Cl>OTO 9. Ell.le 6011ee MOll.lHble 11aMnbl, B u,eHrpe - KaTOA H ABe 

ceTKH, cnpaaa - 6a11110H H aHOA TO.:i )Ke JlaMnbl, aHOAbl o6eHX 

11aMn - c cj:>opcHpOBaHHblM B03AYWHblM OXJla)K,D,eHHeM 
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rnasa 2. CaMb1e npocrb1e 11aMnb111 11x HenpocTble npo611eMbl 

2 

0 

a) 

P111c. 10. ,Ll,L-1HarpoHHb1ilt acj>cj>eKT B TpL-10Ae (a) L-1 1 3aKOH KL-1pxrocj>a (6); 
1 - HOpMaJlbHbiilt TOKOnepexBaT, 2 - AL-1HaTpOHHblH acj>cj>eKT ceTKL-1 

COOTBeTCTBeHHO, paCTH. 3aMeTHM, qTo CYMMa TOKOB aHOAa, ceT

KH H KaTOAa AOA>KHa 6bITb paBHa HyAfO, H60 B AaMrre 3AeKTpOHbl 

He B03HHKaIOT H He rrpOIIdAaIOT (pHC. 10). 3TOT 3aKOH Ha3bIBa

eTC5I rrepBbIM 3aKOHOM KHpxro¢a. BrreqaTAeHHe TaKoe, qTo AH6o 

c ceTKH HaqHHaIOT yxOAHTb KaKHe-To AOIIOAHHTeAbHbie 3AeKTpo

HbI H rrpHXOAHTb Ha aHOA, AH60 c aHOAa yxoA51T IIOAOJKHTeAbHbie 

HOHbI H rrpHXOA5JT Ha ceTKy. 11oHaM B AaMrre B35ITbC5I HeOTKyAa -

BaKYYM xopOillHH, 3AeKTPOAbI He pa3pYillaIOTC5I. 11TaK, rroqeMy 

H3 ceTKH BbIAeTaIOT 3AeKTpOHbI? Tio oqeHb rrpOCTOH IIpHqHHe -

IIOTOMy, qTo Ha Hee IIOIIaAaIOT 3AeKTPOHbI. BxoA51 B MaTepHaA, 

OHH rrepeAaIOT CBOIO 3HeprHIO H 3AeKTpoHaM MaTepHaAa H aTO

MaM. TiepeAaqa 3HeprHH aToMaM - 3TO HarpeB MaTepnaAa, a rro

AyqHBillHe 3HeprHIO 3AeKTpOHbl AH6o OII5ITb JKe OTAaIOT ee aTO

MaM, AH60 3a cqeT 3TOH 3Hepr1IH BbIAeTaIOT H3 MaTepHaAa ceTKH 

lI AeT5IT K aHOAY· 5IBAeHHe 3TO Ha3bIBaeTC5I BTOpHqHoH 3AeKTpOH

HOH 3MHccHeli, a TO, qTo H3o6paJKeHo Ha pile. 10, Ha3hrnaeTC5I 

AHHaTpOHHhIM 3¢¢eKTOM ceTKH. Pa3yMeeTc5I, BTOpHqHa5I 3MHC

CH5I HMeeT MecTo H Ha aHOAe. Ho rroKyAa aHOAHOe Harrp5IJKeHHe 

60Abllle ceToqHoro, BTOpHqHbie 3AeKTPOHbl c aHOAa He rrorraAaIOT 

Ha ceTKY (3Hepr1I5I OCHOBHOrO KOAHqecTBa BTOpHqHbIX 3AeKTpO

HOB MaAa), a B03Bparn;aIOTC5I Ha aHOA lI Ha TOK B :u;errH He BAH5IIOT. 

EcAH JKe ceToqHoe Harrp5IJKeHHe cTaHOBHTC5I 60Abllle aHOAHOro, 

38 



5. L/rp no3ao11eHo rpuo11.y, ro He no3ao11eHo rerpo11.y 

TO BTOplPIHble 3.1\.eKTpOHbl c aHOAa AOCTH:raIOT ceTKH, Ji TOK aHOAa 

BCe-TaKH Hal.JHHaeT yMeHbIIIaTbC5I, a TOK ceTKH 0115!Tb paCTH. 

B11pot.JeM, AJ\.5I TpHOAa BCe 3TO Ha CTO.l\.b BaJKHO, TaK KaK 

06bll.JHO TpHOAbl pa6oTaIOT 11pH Ma.l\.bIX ceTOl.JHbIX Ha11p5IJKeHH5IX, 

a qaiu;e Bcero - 11pn oTpnu;aTe.l\.bHbIX. 11Ha5I cnryau;n51 B TeTpo

Ae. Ha BTOPYJO ceTKY (ceTKH 11pHH5ITO HYMepoBaTb OT KaTOAa) 

11pH pa6oTe AaMl1bl 110AaeTC5I o6I>Il.JHO AOBO.l\.bHO 60./\.bIIIOe Ha11p5I

:>KeHHe - CTO Ji 60./\.ee BO.l\.bT. B 3TOM CAyqae Ha 3aBHCHMOCTH 

aHOAHOrO TOKa OT aHOAHOro Ha11p5IJKeHH5I B03HHKaeT 11dAaIOIQHR 

yqacTOK. TipH Ha11p5I:>KeHHH Ha aHOAe, MeHbIIIeM Ha11p5I:>KeHH5I 

Ha BTopoH: ceTKe, c YBe.l\.Ht.JeHHeM Ha11p5I:>KeHH5I Ha aHOAe TOK 

Ha Hero y6i,rnaeT, TaK KaK c YBe.l\.Hl.JeHHeM Ha11p5I:>KeHH5I Ha aHOAe 

BTOpH'IHbie 3.1\.eKTpOHbl, BbI.l\.eTeBIIIHe c Hero, Hal.JHHaIOT Ha Hero 

B03Bpaiu;aTbC5I. 

Ho c TOl.JKH 3peHH5I PdAHOTeXHHKH 11aAaI0iu;a51 aHOAHa5I xa

paKTepncTHKa - 3TO 11./\.0XO, Ji MHOrHe cxeMbl He MOryT pa6oTaTb 

c TaKHMH AaM11aMH. BTopH'IHYJO 3MHCCHIO MO:>KHO YMeHI>IIIHTb 

Bb16opoM MaTepnMa 3.1\.eKTPOAOB, Ho 3TOT 11YTI> MbI paccMOT

pnM 1103:>Ke, B rAaBe, 110CB5IIQeHHOR 3MHCCHH. MO:>KHO 6opOTbC5I 

co BTOpH'IHOH: 3MnccneH: KOHCTPYKTHBHhlMH MepaMH, Ha11pnMep, 

CAeAaB «KaMepHbIR aHOA» B BHAe 110./\.0CTH, B KOTOpoH: BTOpH'IHbie 

3.1\.eKTpOHbl 6YAYT «3al1YTblBaTbC5I», 11011dAaTb co CTeHKH Ha CTeH

Ky, H He 6YAYT BI>I.l\.eTaTI> B o6'beM AaM11I>1. Me:>KAy 11pot!HM, ec.l\.H 

CAeAaTb 3.1\.eKTPOA CH.l\.bHO IIIepoxoBaThlM, TO OH 6yAeT BeCTH ce-

65! KaK «KaMepHbIR aHOA» - 3.1\.eKTpOHbl 6YAYT 3al1YTbIBaTbC5I 

BO Bl1aAHHax. TaK CMbIKaIOTC5I KOHCTpynpoBaHHe Ji TeXHOAOrH5I. 

Ho ecTI> H TpeTnH: 11YTI> 6opi,6i,1 c AHHaTpOHHI>IM 3cpcpeKTOM. 

B 1926 rOAY cpnpMoH: <DH.l\.Hl1C 6I>IA Bhl11YIQeH 11eHTOA - AaM11a 

c 115ITbIO 3.1\.eKTPOAaMH H.l\.H TpeM5I ceTKaMH. TpeTI>5I ceTKa HaXOAH

Aaci, Me:>KAy BTopoH: H aHOAOM. Ha Hee 110AaBMOCb Ha11p5I:>KeHHe, 

60./\.ee HH3KOe, Ji l.JeM Ha BTOpoH: ceTKe Ji l.JeM Ha aHOAe, qaiu;e 

Bcero ee 11pOCTO COeAHH5I.l\.H c KaTOAOM. B 3TOM CAyqae Bee BTO

pH'IHhle 3.1\.eKTpOHbl B03.Bpain;d.l\.HCb Ha TOT 3.1\.eKTPOA, c KOTOporo 

BI>IAeTe.l\.H. Tipo6AeMa 6I>1Aa peIIIeHa. 
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rnasa 2. CaMble npocTble naMnb1 11 11x HenpoCTbfe npo6neMbl 

6. Annen1T npMXOAHT eo epeMSI 0Abl 

BTopa.H ceTKa 6hIAa BBeAeHa ,LVUI IIOA}'1Iemrn 6oAhlllero yc11-

AeH11.H, TpeTb.H - ,lVUI 1136aBAeHl1.H OT A11HaTpOHHOro 3cpcpeKTa. 

Ho Hl10TKyAa He cAeAyeT, qTo 11x HeAh3.H rrp11MeHl1Th l1 ,LVUI qe

ro-H116yAh Apyroro. Harrp11Mep, ecAH Ha OAHY ceTKY IIOAaTh rre

peMeHHOe HarrpmKeH11e qacTOThI f 1 , a Ha APYI)'IO - qacTOThI 

/z' TO B u;err11 aHOAa AaMIIhl 6YAYT rrpoTeKaTb TOKl1 c qacTOTaMl1 

f = nf1±mfz, rAe n = 0, 1, 2 ... l1 m = 0, 1, 2 ... (KoHeqHo, n l1 m 

MOfYT 6h1Th TOAhKO TaK11e, qT06b1 f 6hIAO 6oAbllle HYM). l.JacTOThI 

c n/1 + m/z Ha3bIBaIOTC.H cyMMapHblMl1, n/1 - mfz - pa3HOCT

Hh1Ml1. <l>l1AbTpaMl1, HaCTpoeHHhIMl1 Ha COOTBeTCTByIOiu;l1e qacTO

ThI, 3Tl1 TOKl1 MO)KHO BhIAeAHTh. Ha «CMelll11BaHl1l1» qacToT f 1 l1 fz 
l1 BhIAeAeH1111 pa3HOCTHOH qacTOThI f = / 1 - /z, rAe / 1 - qacTOTa 

rrp11H11MaeMoro c11rHaAa, a 1z - qacToTa c11rHaAa, reHep11pye

Moro B rrp11eMHl1Ke crreu;11aAbHhIM reHepaTopoM (reTepOAl1HOM), 

OCHOBaHa BC.H COBpeMeHHa.H PdAl10TeXHl1Ka. J\aMrra, B KOTOpoif 

CMellll1BaIOTC.H Cl1rHaAbl, Ha3hIBaeTC.H (( CMec11TeAeM». 

Cyiu;ecTBYIOT AaMIIhI c 4-M.H ceTKaM11 (reKCOA), 5-IO (rerrTOA) 

l1 6-IO (OKTOA). B HeKOTOphIX CA}'1Ia.Hx qacTh AaMrrhI BhII10AH.HeT 

poAh «AaMrrhI reTepOAl1Ha», a qacTh «AaMrrhI cMec11TeA.H». B 3TOM 

CA}'1Iae rrepeAaqa c11rHaAa 113 reTepOAl1Ha B cMec11TeAh rrpo11cxo

Al1T He no rrpoBOAaM, a IIYTeM rrorraAaH11.H 3AeKTpOHOB 113 OAHOH 

qacT11 AaMrrhI B APYI)'IO· ITp11MeHeH11e HeCKOAhKl1X ceTOK rro3-

BOA.HeT YA}'1Illll1Th rrapaMeTphI AaMrr l1 C03AaTh AaMrrhI, peaAH3y-

10iu;11e CAO)KHbie ¢YHKu;1111. Ho HeKOTOphie rrpo6AeMbl OCTaIOT

C.H, KOHeqHo, HepellleHHhIMl1, 6oAee Toro, l1HOrAa «MHOroceToq

HOCTb» l1 BpeAHa. 

ITocM0Tp11M, KaK pa6oTaeT 06b1qHhIH Tpl10A rrp11 IIOAaqe Ha 

Hero BhICOKoqacTOTHoro rrepeMeHHoro Harrp.H)KeH11.H. IToKa Ha

rrp.H)KeH11e Ha ceTKe 6oAbllle cpeAHero, Ha 3AeKTpOHhI, AeT.Hiu;11e 

OT KaTOAa, AeifcTByeT 60Ablllee ycKop.HIOiu;ee rroAe. EcAH Harrp.H

)KeH11e MeHhllle cpeAHero, ycKop.HIOiu;ee rroAe TO)Ke MeHhllle. Ec

Al1, IIOKa 3AeKTpOH AeTeA, rrpollleA rrepl10A rrepeMeHHOro Harrp.H

)KeHl1.H, TO 11TOrOBOe B03AeHCTBl1e Ha 3AeKTpOH OTCJTCTByeT -

IIOAIIep110Aa ero TOAKaAl1, IIOArrep110Aa TOpM03l1Al1. I1TaK, Ha qa

CTOTe, Ha KOTOpoif rrepl10A rrepeMeHHoro Harrp.H)KeHl1.H paBeH Bpe-

40 



6. AnneT/llT np11xo1111r ao apeMfl eAbt 

MeHl1 rrpoAeTa 3.1\.eKTpOHa, .l\.aMrra pa6oTaTh yJKe COBCeM He MO

JKeM. l..JeMy JKe paBHO speM.H rrpoAeTa? BpeM.H rrpoAeTa 

t~/¥. rAe d - 3a3op, a - ycKopemrn. 

AaAee, a = F/m, rAe F - CHAa, m - Macca 3.1\.eKTpoHa. 

Co csoe:H: cTopoHhI F = eE, rAe e - 3ap.HA 3.1\.eKTpoHa, E -
Uc+ Ua/m 

rroAe. HaKoHeu;, E = d . TioACTaBM.H, IIOAJ'laeM 

-6 d t ~ 5. 10 . . 

Jue+~ 
06b1qHoe 3HaqeHHe 3HaMeHaTe.l\..H OK0.1\.0 2, TOrAa t ~ 2 . 10-6d 
HAM d = 100-10 MKM t = 2 · 10- 10-2 · 10- 11 c. CAeAOBaTe.l\.hHO, 

.l\.aMIIhl c 3a3opoM ceTKa-KaTOA B 100-10 MKM IIO.l\.HOCThlO rrpe

KpaT.HT pa6ory Ha qacTOTaX 5-50 ffu;. flpaKTHqeCKH CHryau;H.H, 

KaK scerAa, C.l\.OJKHee H XYJKe, qeM Ha 6JMare, H AJ'IIIme CBY:

.1\.aMIIhI pa6oTalOT AO 10 rru;. AocTHraeTC.H 3TO JMeHhIIIeHHeM d 
AO 10 MKM c COOTBeTCTByIOiu;HM pOCTOM C.l\.OJKHOCTH H3fOTOB.l\.e

HH.H H CTOHMOCTH H JMeHhIIIeHHeM HaAeJKHOCTH H MOIIJ;HOCTH. 

0 MOiu;HOCTH Mhl IIOfOBOpHM qYTh HHJKe, a IIOKa He HaAO.l\.fO Bep

HeMC.H K AHOAY· 

l..JeM 60.1\.hIIIe ceToK, TeM C.l\.OJKHee TeopH.H, KOHCTPJHPOBa

HHe H TeXHO.l\.OfH.H, HO H TeM 60.1\.hllle cpyttKll;HH MOJKeT BhIIIO.l\.H.HTh 

AaMrra. Tio3TOMY ocHOBHOH seKTOp pa3BHTH.H ceToqHhIX AaMrr 6hI.I\. 

HarrpaB.l\.eH «Ha ycAOJKHeHHe». KaK, srrpoqeM, H so sce:H: TeXHHKe. 

0AHaKO H rrpOCTbie sapHaHThl He C.l\.eAyeT 3a6hIBaTh - He HCK.l\.IO

qeHO, qTo HMeHHO AHOAhl rroTpe6yIOTC.H qeAoseqecTsy. Tip11qeM 

Ha OAHOM H3 reHepa.l\.hHhIX HarrpaB.l\.eHHH - Ha 3HepreTHqecKOM. 

0AHO H3 rrpeMaraeMhIX peIIIeHHH 3HepreT11qecKOH rrpo6Ae

Mhl - BhIBOA Ha op611ry 3eM.l\.H CIIJTHHKOB c 60.l\.hIIIHMH-rrpe60.l\.h

IIIHMH CO.l\.HeqHhlMH 6aTape.HMH H rrepeAaqa IIOAJ'leHHOH 3HeprHH 

Ha 3eM.l\.IO. TiocKO.l\.hKY rrpOBOA co CIIJTHHKa orrycTHTh TpYAHO 

(Ha HH3KOH op6HTe rrpOBOA 6yAeT 3aIJYTbIBaTbC.H rrpH ABHJKeHHH, 
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rnasa 2. CaMbte npocrbte naMnbt u ux Henpocrbte npo6neMbt 

CKOAh351IIVfe KOHTaKThI Ha 3eMAe rrocTpOHTh TPYAHO, a AA5I reocTa

u;HoHapHoH: op6HThl MHOro rrpOBOAa 110Tpe6yeTC51), TO rrepeAaBaTb 

3Heprmo HdAO 3AeKTpoMarHHTHOH BOAHOH. Y Aa3epoB MaA KCTA, 

rro3TOMY MO>KHO rrorrpo6oBaTh rrepeAaBaTh CBl.I-BOAHhI. f1pHeM

HHKOM H3Ay<IeHH51 MO>KeT 6hITh aBT03MHCCHOHHhIH AHOA. 11Ae51 

A. B. faAAeu;Koro TaKoBa - rrocKOAhKY aBT03MHCCH51 CHAhHO 3a

BHCHT OT HaIIp51>KeHH51, TO KaTOA 3MHTTHpyeT TOAhKO B MOMeHT 

AOCTH>KeHH51 MaKCHMaAhHOH MOlll,HOCTH H 3AeKTpOHHhIH crycTOK 

CHaqaAa ycKOp51eTC51 ITOAeM H Ha6HpaeT 3Heprmo. Ho 3a3op AH

OAa BhI6paH TaK, qTO 3a BpeM51 rrpoAeTa HaIIp51>KeHHOCTh ITOA51 

CMeH51eTC51 Ha IIpOTHBOITOAO>KHyIO, TOpM0351111,yIO, H crycTOK TOp

M03MTC51 (rrpnMepHO KaK B KAHCTpOHe), OTAaBa51 CBOJO 3HeprHJO. 

A Terreph BepHeMc51 K Borrpocy o MOlll,HOCTH. 

7. MarHSI MeraeaTTOB 

To, qTo 60Ahllla51 MOlll,HOCTh HY>KHa, COMHeHH51 He Bhl3hrnaeT, 

AaAhHOCTh AeHCTBH51 PdAHOAOKaTopa H paAHorrepeAaTqHKa H crro

co6HocTh pa6oTaTh B ycAOBH51X ITOMex 3aBHC51T OT MOlll,HOCTH. 

Ho 6oAhlllyIO MOlll,HOCTh MO>KHO ITOAy<IHTh rro-pa3HOMY. Mo>KHO 

CAeAaTb OAHH IIpH6op c 60AhllIOH MOlll,HOCThJO, a MO>KHO HeCKOAh

KO - C MeHhllleH H ITOAy<IeHHhie CHrHaAhI CAO>KHTh. f1o KaKOMY 

ITYTH cAeAyeT HATH? KaK H BcerAa, 3TO 3aBHCHT OT Tpe6oBaHHH, 

rrpeA'h51BA51eMhIX K APyrHM rrapaMeTpaM. HarrpHMep, Tpe6oBaHHH 

K Becy, ra6apHTaM, HaAe>KHOCTH. 

Mo111,HOCTh MO>KHO YBeAHqHTh AH6o ITYTeM YBeAHqeHH51 TOKa 

AaMIThI, AH6o IIYTeM YBeAHqeHH51 Harrp51>KeHM51. CTocKOAhKY MaK

CHMaAhHa51 ITAOTHOCTh TOKa, OT6HpaeMoro c KaTOAa, orpaHHqeHa 

(B rAaBe o KaTOAax MhI Y3HaeM, qeM HMeHHo), HaAO AH6o YBeAH

q11BaTh ITAOlll,dAh KaTOAa, AH6o HaIIp51>KeHHe. 11 TO, H Apyroe 03Ha

qaeT YBeAHqeHHe pa3MepoB AaMIThl, rrocKOAhKY rrpH YBeAHqeHHH 

HaIIp51>KeHH51 rrpHXOAHTC51 yBeAHqHBaTh 3a3opb1 Me>KAy 3AeKTpO

AaMH BO H36e>KaHHe B03HHKHOBeHH51 3AeKTpHqecKoro rrpo6o51. 

KoHeqHo, ecAH YABOHTh MOlll,HOCTh, rrpocTo 3aMeHHB OAHH rrpH-

6op Ha ABa, Bee H ra6apHThI YBeAHqaTC51, He MeHee, qeM B ABa 

pa3a, a HaAe>KHOCTh He MeHee, qeM B ABa pa3a YMeHhllIHTC51. BeAh 
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7. Mamfl Meraaarroa 

Hy)l<HO ern;e ycTpOHCTBO CAO)Kemu1 Cl:ITHaAOB, co CBOllMll He Hy

.1\.eBhIMll BeCOM II ra6ap11TaMll II CBoeH: He 6ecKOHeqHo:i1: H(lAe)K

HOCThlO. Ho II rrp116op c BABOe 60.1\.hrneH: MOID;HOCThlO TO)Ke 6yAeT 

n T.SI)KeAee, n 60.1\.hrne, Aa 11 pa3pa6oTKa ero OTHllMaeT KaKoe-To 

BpeMSI 11 Cll.l\.hl. PerneH11e rrpo6AeMhI 3aBMCllT OT Toro, KaKoe perne

Hlle Ayqrne, a 3TO, KOHeqHo, 3aBllCllT OT «u;eHhl» rrapaMeTpOB -

OT Toro, qTo Ba)KHee. He cAeAyeT 3a6hIBaTh, qTo rrp11 11crro.l\.h30Ba

H1111 HeCKO.l\.hKllX AaMII BMeCTO OAHOH MAii OAHOH, HO 60.1\.ee MOrn;

HOH, rrpo6AeMhl, KOTOpbie I1p11XOAllTC51 pernaTh pa3pa60~11KaM 

cxeM, B KOTOphIX rrp11MeHeHhl 3Tll AaMIIhl, OKa3bIBaIOTC51 pa3Allq

Hh1Mll. j\AfJ. rrp11H51Tll51 rpaMOTHOro perneHll51 H(lAO llMeTh 51CHOe 

rrpeACTaBAeH11e II 0 CBOllX rrpo6AeMaX II 0 rrpo6AeMax «COCeAeH». 

I1Haqe, ecAM 11 51, 11 MOH coceA - y3K11e crreu;11aAMCThl, perneH11e 

rrp11MeT TpeTllH, C.l\.a6o pa3611pa10rn;11H:c5I II B TOM, II B ApyroM. 

I1HorAa - 11 3TO caMoe MHTepecHoe - perneH11e 6hrnaeT rrpo

Me)KYToqHhIM, KOrAa HOBaH AaMrra He HBAAeTCH «rrpocTo YBeAM

qeHHOH» CTapoH:, a COCTOllT KaK 6hI 113 HeCKO.l\.hKllX AaMrr B o6rn;e:i1: 

BaKYYMHOH o60.l\.OqKe. I1HOrAa 3Tll AaMIIhl llMeIOT II ern;e KaKMe

TO 06rn;11e AeTaAM. Harrp11Mep, cTaHAapTHhIM perneH11eM HBAAeTCH 

K C A 

a) 
K C 
6) 

A K C A 

8) 

PMC.11. naMna-npOTOn1n (a), MOW,Ha~ naMna C 60flbWMM KaTO,ll,OM (6), MOW.
Ha~ naMna c HeCKOnbKMMM KaTO,ll,aMM (s). K - KaToA, C - ceTKa, A - aHOA 
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rnaBa 2. CaMb/e npOCTble Jl8Mnbl J.1 J.1X HenpOCTb/e npo611eMbl 

K~ 

a) 

PMc. 12. Bap111aHTb1 MHoronyYeso~ naMnb1 (pa3pe3). 

3 - 3JleKTpOHHble nOTOKlll 

Ha.A.Hqlle B AaMITe HeCKO.l\.hKllX KaTOAOB ITPll OAHOH ceTKe ll OAHOM 

aHOAe (pHC. 11). 
I1HOrAa rpaHHIJ;a Me)l(AY «o6rn;HM» ll ((qacTHbIM» ITpOXOAHT 

TaK XHTpo, qTo ll He cpa3y pa36epeIIIhC5I. HaITpHMep, B MHO

roAyqeBOH AaMITe (HAe5I MHOroAyqeBOH AaMITbl 6hIJ\.a BbICKa3aHa 

B. <I>. KoBaAeHKO B 1940 roAy), ITOKa3aHHOH Ha pHc. 12a, KaTOA Ha

rpeT Bech, HO ITOKpbITH:e, 3MllTTHpyiorn;ee 31\.eKTpOHhl, 3aITOJ\.H5IeT 

He BCIO ero ITOBepxHOCTh, a TO.l\.hKO yqacTKll Me)l(AY CTep)l(H5I

Mll ceTKH. AoITOAHHTe.l\.hHhIH ITpoK OT BapHaHTOB, ITOKa3aHHhIX Ha 

pHC. 12 -YMeHhIIIeHH:e TOKa ceTKll (3AeKTpOHbl ITpOAeTaIOT B oc

HOBHOM MllMO Aa)l(e ITPll ITOJ\.O)l(H:Te.l\.hHOM HaITp5I)l(eHllll Ha Hen). 

B HeK0Topi:,1x cAyqa5Ix, qT06i:,1 ern;e AyqIIIe 3arn;HTHTh ceTKY 

OT ITOITaAaHH5I Ha Hee 31\.eKTpOHOB, AaMITY ITOMern;aIOT B Cll.l\.h

HOe MarHHTHOe ITOJ\.e, HaITpaBAeHHOe ITO HOpMaJ\.ll K aHOAY. CTpll 

ITOIThITKe 31\.eKTpOHOB AeTeTb ITOITepeK MarHHTHOrO ITOJ\.5I B03Hll

KaeT CHJ\.a J\opeHu;a, 3aKpyqnBaIOrn;a5I TpaeKTOpllH 31\.eKTpOHOB. 

3AeKTpOHhl «HaBHBaIOTC5I» Ha CHJ\.OBbie J\.llHHH MarHHTHOro ITOJ\.5I 

ll AeT5IT AO aHOAa, Mirny5I ceTKY (pHC. 13). 
CTpo6AeMa Ma.l\.hIX CeTOqHhIX TOKOB OC060 Ba)l(Ha AJ\.5I AaMIT, 

KOTopi:,1e AOJ\.)l(HhI nMeTh oqeHh BhICOKoe coITpOTHBAeHHe. Ka3a

AOCh 6hI, AOCTaTOqHO ITOAaTb Ha ceTKY «AOCTaToqHo OTpnu;aTe.l\.h

HOe» HaITp5I)l(eHH:e, ll 3aAaqa peIIIeHa. 0AHaKO TOK ceTKH HMeeT 

HeCKO.l\.hKO HcToqHHKOB. He AapoM cKa3oqHi:,1e APaKOHhI nMeJ\.ll 

ITO HeCKO.l\.hKY roAOB. TexHnqecKne ITpo6AeMhI peAKO peIIIaIOTC5I 
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7. MarnR Meraaarroa 

PMc. 13. naMna c MarH11THblM noneM (pa3pe3). 
CTpenKa B - HanpasneH11e MarHl1THOro non51 

OAHl1M :-- AaJKe o'IeHh Moryq11M - yAapoM. Harrp11Mep, 3AeKTpo

HhI 110Hl1311pyJOT MO.l\.eKy.l\.bI OCTaTO'IHbIX ra30B 11 IIO.l\.OJKl1Te.l\.bHble 

110HhI AeT51T K 0Tp11u;aTe.l\.bHol1 ceTKe. AaAee, rrp11 TOpMoJKeH1111 

3.1\.eKTpOHOB B MaTep11aAe aHOAa B03Hl1KaeT peHTreHOBCKOe H3AY

'IeHl1e 11 ero KBaHTbl Bb1611BaIOT 3.1\.eKTpOHbl (3TOT 3cpcpeKT Ha3hl

BaeTC51 cpoT03M11cc11e:i1) 113 ceTKl1. IT03TOMY 3AeKTpoMeTp11qecK11e 

AaMIIhI 3KCrrAyaT11pyroTc5I rrp11 Ma.l\.bIX ( < 10 B) aHOAHhIX Harrp51-

JKeHl151X, KOrAa 11 peHTreHOBCKOe 113AyqeH11e H 110Hl13au;1151 pe3KO 

y6b1BaIOT. AM- coxpaHeHl151 yc:11AeHl15I TaK11e AaMIIbl qacTO Bbl

IIO.l\.H51IOT c rrp11KaTOAHOM ceTKOM H IIOAaIOT Ha Hee IIO.l\.OJKl1Te.l\.b

HOe (oTHoc11Te.l\.bHO KaTOAa) Harrp51JKemie. TaK 11crro.l\.b3YeT coBpe

MeHHa51 TeXHl1Ka APeBHIOIO «AByxceTKy». HaKOHeu;, cTapaIOTC51 

. YMeHhIIIl1Th :11 YTetIKY ToKa rro 6aAAotty AaMrrhI, rr0Kphrna51 cTeK

AO rHApocpo6HhlMl1 (BOAOOTTaAK11Ba10iu;11M11) rroKphIT1151MH. Brrpo

'IeM, Bee 3TO o6AaCTh «11351IIJ;HhIX» AaMrr. BepHeMc51 K MeraBaTTaM. 

KaK 6bI XHTpo Hl1 CO'IeTaAHCb HeCKO.l\.bKO AaMrr B OAHy, rrpo-

6./\.eMa rrpOTl1BOpeq11:i1 MeJKAy MOIIJ;HOCTblO 11 BeCOM/ra6ap11TaMH 

OCTaeTC51. BcerAa JKeAaTe.l\.bHO, 'IT06bI 6bl.l\.O IIOMeHbIIIe H IIO.l\.er'Ie ..• 

06iu;a51 c11ryau;1151 TaKOBa: tieM AaMrra MOIIJ;Hee 11 MeHhIIIe, TeM 

y Hee - BH11MaH11e! - MeHhrne HaAeJKHOCTh. B Ael1cTB11e BCTYIIl1A 

TpeTl1M cpaKTOp. Terrepb BaJKHO He 3a6AYA11TbC51 B Tpex COCHaX, 

TeM 6oAee, 'ITO 3TO MecTo - OAHO :113 Y3AOBhIX MecT reorpacp11:11 

3.1\.eKTpOHHbIX AaMrr. 

HatIHeM co cMeAoro 3Kcrrep11MeHTa. ITOAK.l\.IO'I11M 3.1\.eKTpoH

HYIO AaMrry K HCTO'IHl1KaM 3Hepr1111 11 HatIHeM YBe.1\.11tI11BaTh TeKy

iu;11H: qepe3 Hee TOK. ITp:11 3TOM 6yAeT YBe.1\.11'Il1BaThC51 MOIIJ;HOCTh, 

45 



rnasa 2. CaMbJe npocrb1e naMnb1 u ux HenpoCTbJe npo6neMbJ 

BbIAe.l\5IIOUJ;a5IC5I Ha ee ceTKe, TaK KaK qaCTb TOKa ceTKOH BCe-TaKll 

rrepexBaTbrnaeTcH. EyAeT TaK:>Ke yBeJ\l1qttBaTbC5I MOUJ;HOCTh, BhI

Ae.l\5I10rn;a51c51 Ha aHOAe. EcAH TOK yBeAfiqllTh AOCTaToqHo cttAhHO, 

AaMrra BhIHAeT tt3 cTpoH. KaK ttMeHHo? TpyAHO cKa3aTh ... Mo:>KeT 

6hITb, pacrrAaBHTC5I ceTKa, MO:>KeT 6bITb, pacrrAaBHTC5I aHOA, MO

:>KeT 6hITb, AOIIHeT ll3-3a TeIIAOBbIX HaIIp5I:>KeHHH 6aAAOH, MO:>KeT 

6hITb, ceTKa llAfI aHOA 6YAYT ucrrap5ITbC5I c TaKOH CKOpOCTblO, 

qTo MeTaAA HaIIhIAllTC5I Ha ll30.l\5ITOpbI ll 3aKOpOTllT 3AeKTPOAhI, 

MO:>KeT 6hITb, ll3-3a HaIIhIAeHll5I BbIHAeT ll3 CTp05I KaTOA. EOAblllllH

CTBO BapttaHTOB BblXOAa ll3 CTp05I CB5I3aHo c BblCOKOH TeMrrepa

TJPOH KaKHX-TO 3AeMeHTOB AaMIIbl. I1TaK, qT06hI CAeAaTb AaMrry 

MOUJ;HYIO, HO MaAeHhKJlO, HaAO ee xopOIIlO OXAa)KAaTh. Ho 3TO -

KaK u MHoroe Apyroe - Aerqe cKa3aTb, qeM CAeAaTb. Bo-rrep

BhIX, eCJ\l1 MOUJ;HOCTb, KOTopy10 HaAO OTBOAllTb OT 3AeKTPOAa, 

AOCTaToqHo BeAfIKa, TO u BOAa 3aKttIIHT... Bo-BTOpbIX, y AI06o

ro 3AeKTPOAa eCTb TOAUJ;HHa, ll ecJ\l1 3AeKTpOHHbIH IIOTOK 6beT 

B OAHY ero cTopoHy, TO cTpyH B03Ayxa HAfI BOAhI OXAa)KAaeT 

APJrYIO· ITpu AOCTaToqHo 6oAhlllOM TerrAoBoM rroToKe OXAa:>KAe

Htte OAHOH cTopoHbI He cMo:>KeT crracTtt APJrYIO OT neperpeBa. 

ITpaBAa, ecTb ern;e TaKo:H crroco6 OXAa)KAeHHH, KaK H3AyqeHue. 

OH xoporn TeM, qTO ll3AyqaTb MO:>KeT Ta caMa5I IIOBepXHOCTb, KO

Topa5I ll rpeeTC5I: TeIIAY He HaAO AaAeKO XOAHTb ITO MaTepttaAy, 

qT06b1 tt3AyqttThC5I. Ho 3aTo H3AyqaeTC5I OHO B 3TOM cAyqae, KaK 

rrpaBHAO, BHJTPh rrp116opa, coBepllleHHO 3p5I HarpeBa5I APyrHe 

AeTaAH. KoHeqHo, BHernH5I5I cTopoHa 3AeKTPOAa tt3AyqaeT TerrAo 

Hapy:>Ky, BOH - HO AO 3TOH IIOBepxHOCTH, KaK ll B CAyqae B03-

AYII1HOro llAfI BOA51HOro OXAa)KAeHll5I, TeIIAY HaAO ern;e A06paTbC5I. 

BhIAeAeHtte TerrAa B rrpu6ope MO:>KHO. JMeHhlllllTh, yBeAfiqttBa5I 

ero KITA HAfI AOAIO rroAe3Horo ucrroAb3oBaHH5I MOUJ;HOCTH 3AeK

TpOHHoro IIOTOKa. I1 3TO BcerAa CTapaIOTC5I CAeAaTb, He CTOAbKO, 

BrrpoqeM, tt3-3a TPYAHOCTe:H oXAa)KAemrn, CKOAhKO npocTo 3KOHO

M5I 3Hepru10. Ho KITA ITOAaBMIOrn;ero 6oAblllllHCTBa 3AeKTpOH

HhIX npu6opOB He rrpeBOCXOAllT 70 % ll Olll;JTllMO yBeAfiqllTb ero 

He YAaeTc5I (06 OAHOM HCKAIOqeHttll, KOrAa KITA MO:>KHO ITOAHHTh 

BbIIIIe 90 %, 6yAeT paccKa3aHO Hll:>Ke). /KeAaTeAbHO, KOHeqHo, 

qT06hI MOUJ;HOCTb BhIAe.l\5IAaCb paBHOMepHO Ha Bce:H OTBeAeHHOH 
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8. «npu6op HOBOro BJ.1/W» 

MR Hee II.l\Olll;CiAH· TaK, B rrpu6opax c y3KHM H AJUIHHhIM rryqKoM 

3.1\eKTpOHOB ero CTapaIOTC.51 B KOHl~e rryTH «pacrrynrnTb», pac

rrpeAe.l\H:Tb ITO OTHOCHTe.l\bHO 60.1\bIIIOH IIAOIIJ;CiAH aHOAa. A BOT 

B rrpu6opax MR reHepau;uu peHTreHOBCKoro H3AyqeHH.51, B KOTO

pbIX BaJKHO HMeHHO, qTo6bI 3AeKTpOHbl IIOIICiAa.l\H: B MaAeHbKOe 

II.HTHhIIIIKO Ha aHOAe rrpH:MeHeHO TaKoe 3K30TH:qecKOe peIIIeHHe: 

aHOA CAeAaH Bparn;aIOID;HMC.51, qT06bI MeTaAA 6bICTPO y6eraA H3-

IIOA rryqKa H He ycrreBaA rreperpeBaTbC.51. B 06b1qHbIX JKe cAyqa.Hx 

BbIAe3TH H3 AOBYJllKH MeJKAy TpeM.51 COCHaMH - MOIIJ;HOCTbIO, Be

COM/ra6apH:TaMH H HaAeJKHOCTbIO - MOJKHO ABYM.51 IIYT.HMH - co

BepIIIeHCTBoaaHtteM OXAaJKAeHH.51 rrpu6opoB H C03AaHHeM rrpu6o

poB BbICOKOTeMrrepaTYPHbIX, TO eCTb CAeAaHHbIX H3 TYrOIIAaBKHX 

MaTepuaAoa, coeAHHeHHbIX MeTOAaMH, AorrycKaIOrn;HMH CH.l\bHbIH 

Harpea (cBapKa H.l\H: rraH:Ka TYrOIIAaBKHMH rrpHIIO.HMH). flpo6Ae

Mbl BbICOKOTeMrrepaTYPHbIX MaTepHaAOB H HX COeAHHeHH.51 B006-

rn;e AOBO.l\bHO CAOJKHbl H .HBA.HIOTC.51 OHM KAIQqeabIMH He TO.l\bKO 

MR MOIIJ;HbIX 3AeKTpOHHbIX AaMrr. ATOMHa.H TeXHH:Ka, aBuau;u.H, 

KOCMH:qecKa.51 TeXHHKa... MHOrH:e, oqeHb MHOrH:e TeXHHqecKH:e 

H Ha)"IHble 3CiAaqu 3aBHC.51T OT Toro, CKO.l\bKO BbIAepJKHT 3TOT 

MaTepttaA ... AIOAH AepJKaT B PYKaX IIAaCTHHKY H.l\H: 6pycoK, rrpu

CTa.l\bHO H c HCiAeJKAOH ero pa3rA.HAbIBaIOT ... 

flpo6AeMa BblCOKHX MOID;HOCTeH MR 3AeKTpOHHblX AaMrr oco-

6eHHO BaJKHa. 3TO 06.1\aCTb, B KOTOpoH: TpaH3HCTOpbI He CMO

rYT HX 3aMeHH:Tb. Bc.51 HaAeJKAa TO.l\bKO Ha 3AeKTpOH B BaKYYMe. 

ECTb ern;e o6AaCTH, rAe AaMrraM HHKTO He IIOMOJKeT H 3TH o6Aa

CTH TaKJKe CB.513aHbl c TepMOCTOHKOCTblO. Ho CHaqaAa He60.l\bIIIOe 

OTCTYIIAeHue. 

8. ccnpP.160p HOBOrO BP.1A3» 

OcHOBHbie coBpeMeHHbie o6AaCTH rrpHMeHeHH.51 AaMrr, B KO

TOpbIX IIOAyrrpOBOAHHKOBbie rrpH60pbI HX He 3aMeH.HT H He co

CTaB.HT HM KOHKypeHIJ;HH, 3TO rrpu6opbI: 

a) MOIIJ;Hble, 

6) BbICOKoqacTOTHhle, 

B) TepMo- H paAttau;uoHHo-cToHKHe. 
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rnasa 2. CaMbJe npocrb1e naMnb1 11 11x Henpocrb1e npo6neMbJ 

A; 
l~-------

c 

,~~ 

d ~ =I =~~~~~~I~ 
PHc. 14. Wrn6e11bHa~ naMna 

0AHaKO COBepllleHCTBOBamno crroco6cTBYeT KOHKypeHI.1;1151, 

11 II03TOMY IIOCMOTp11M, qeM OTBenvw: AaMIIbl Ha TpaH311CTOpHbIH 

Bbl30B. Ho rrpe:/KAe Bcero - B qeM OH COCTO.HA? 

TpaH311CTOpb1 MOJKHO CAeAaTb MaAeHbKl1Ml1 11 11x MOJKHO Ae

AaTh MexaHl1311pOBaHHbIMl1 11 rpyrrrroBbIMl1 MeTOAaM11. fpyrrrro

Bble MeTOAbl - 113rOTOBAeH11e cpa3y HeCKOAbKl1X rrp116opoB; KO

rAa HYJKHbl M11AAH0Hbl rrp116opoB, TeXHOAOr11qHOCTb MOJKeT CTaTb 

orrpeAeA.HIOI1J;l1M cpaKTOpOM. 3aMeTl1M, qTO rOBOp11Tb rrpo TpaH311-

CTOp «MaAeHbKl1H» - HeAb351. Ero MOJKHO CAeAaTb TaKl1M, HO ec

Al1 HyJKeH TpaH311CTOp MOIIJ;HbIH, TO MaAbIM ero He CAeAaTb -

BhIAeA.H10ru;eec.H rrp11 pa6oTe TerrAo BbIBeAeT ero 113 cTpo.H. Ka3a

AOCb 6bI, B 3TOM CMbICAe y AaMIIbl eCTb rrpe11Myru;ecTBO: 6yAyq11 

CAeAaHa 113 BbICOKOTeMrrepaTJPHbIX MaTep11aAOB, OHa MOrAa 6bI 

6hITb MeHbllle TpaH311CTopa TOH JKe MOI1J;HOCTl1. Aa, HO yJK oqeHb 

MHOro B AaMrre AeTaAeH: 11 oqeHb YJK CAOJKHYIO cpopMy OHl1 11MeIOT. 

3To JKe MelllaeT MexaH113aIJ;1111 c6opK11. HeAb3.H Ali CAeAaTh AaMrry 

113 He60Abllloro KOAHqecTBa rrpocTbIX AeTaAeH:? 

B 1934 rOAY IO. A. KaIJ;MaH 11 A. A. lllarrolllHl1KOB rrpeAAOJK11-

A11 KOHCTPYKIJ;l1IO «IllTa6eAhHOH AaMIIbI». Ha KepaM11qecK11x paM

Kax 3aKpeIIA.HAHCb OTAeAbHble 3AeKTPOAbI, IIOTOM paMK11 CKAaAbI

BaAHCb IllTa6eAeM, CTOIIKOH (p11c. 14). TaKa.H AaMrra MOrAa 6bITb 

MaAeHbKOH, ee c6opKy MOJKHO 6bIAO MexaHl1311pOBaTb. 0Ha, KCTa

Tl1, 6hIAa TepMOCTOHKOH (paMKl1 113 KepaMl1K11) 11 BbICOKoqacTOT-
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8. «npM6op HOBOro BM,48» 

HOH (Ma.Able 3a3opb1). AaAbHelilllee pa3B11T11e 3TOH 11Ae11 rrp11BeAo 

K C03AaH11IO qrnpMoM: General Electric AaMrr A11aMeTpoM 11 Bbico

ToM: OKOAO 1 MM. 3AeKTPOAbI B 3Tl1X AaMrrax AeAaAHCb 113 Tl1Ta

Ha, KOTOpbIH xopolllO crra11BaeTC5I c KepaMl1KOH. J\aMrra COCT051Aa 

113 qepeAyiorn;11xc51 KepaM11qecKl1X 11 Tl1TaHOBbIX A11CKOB, Kepa

M11qecK11e cAy)K11A11 1130MTopaM11 11 orrpeAeMAH 3a3op Me)l{Ay 

3AeKTPOAaMl1, a Tl1TaHOBbie A11CKl1 BbIIIOAH51AI1 OAHOBpeMeHHYJO 

pOAb BbIBOAOB 11 HeCAH B CBOeH cpeAHeH qacTl1 3AeKTPOAbI AaMIIbl. 

ApyroM: IIYTh, BrrpoqeM, TO)Ke ocHOBaHHbIH Ha HarraM:Ke Me

TaAAOB c KepaM11KoM:, rro3BOAHA qrnpMe RCA BhrnycT11Tb B 1959 ro

AY rrp116op, Ha3BaHHbIH Hys11cTopoM (oT nuevo vista - HOBbIH 

B11A). B 3Tl1X AaMrrax, ycrrelllHO rrp11MeH5IIOrn;11xc51 rro ceM: AeHb, Bee 

CboTo 10. Cnesa - saKyyMHbllil nonesolil Tp1'10A, B1'1AeH n11eHO"IHb11i1 
nOAOrpeBaTeJlb Ha o6paTHOli1 CTOpoHe KaTOAHOlil nOAJ10)1(Kl'1, BepXHl'11i1 
p51A - cnesa Tp11 Hys11crnpa, cnpasa - a11eKTpoMeTp11"leCKa5l 11aMna, 

Hl'1)1(Hl'11i1 p51A - M11H11aT10pHb1e cTeKJ15lHHb1e 11aMnb1 
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rnasa 2. CaMbJe npocrb1e naMnb1 u ux Henpocrb1e npo6neMbJ 

31\.eKTPOAbI KpeIUIJlliCb rrailKOll K KepaMHqecKOll IIAaCTHHe, KOTO

pa5I BrraHBaAacb B MeTaMHqecKHil cTaKaHqHK, CAY)KHBIIlHtt 060-

AOqKoil AaMrrhr. 0HH ycrrelllHO pa6oTaJlli AO TeMrrepaTYPhI 550° C, 

HX c6opKa 6hIAa MexaHH3HpOBaHa (cpoTo 10). 3AeKTpOHHbIM AaM

rraM OCTaBaAC5I IIOCAeAHHll Illar Ha IIYTH yMeHhllleHH5I KOJlliqeCTBa 

AeTaAeil. 0HH HeMHoro IIOAYMallli H CAeAaAH ero. 

9. naMna 6e3 AeTalleM 

A qTo B 3TOM cTpaHHoro? B caMOM AeAe, CKOJ\.bKO AeTaAeil 

B TpaH3HcTope? A 3TO CMOTp5I B KaKoM. Ecllli TpaH3HCTOp 5IB

J\.5IeTc5I qaCTblO MHKpocxeMbl, TO AeTaAeil B HeM HeT HH OAHOll, 

TaK )Ke, KaK HeT OTAeAbHbIX AeTaAeil BO Bceil MHKpocxeMe. PoAb 

rrpOBOAHHKOB BbIIIOAH5IIOT HaIIbIAeHHbie IIAeHKH MeTaMOB, pOAb 

H30J\.5ITOpOB - IIAeHKH OKHCAOB. CTOAp06Hee 0 TOM, qTO TaKoe Ae

TaAH H HY)KHbl AH OHH, Mbl rroroBOpHM II03)Ke, a IIOKa BepHeMC5I 

K AaMrraM. 

CTepBa5I rrorrbITKa CAeAaTh AaMrry c YMeHbllleHHbIM KOJlliqe

CTBOM AeTaAeil rrocpeACTBOM HaIIbIAeHH5I rrpOBOA5Jll.J;HX IIAeHOK 

ocHOBbIBaAacb Ha KOHCTPYKLJ;HH lllTa6eAbHOil AaMIIbI. CTAeHKH, 

BbIIIOAH5IBIIlHe pOAb 31\.eKTPOAOB, HaIIbIA5IJlliCb Ha KepaMHqecKHe 

IIAaCTHHbl (pHC. 15). 
0AHaKO B 3TOll AaMrre eru;e 6bIJlli OTAeJ\.bHbie AeTaJlli, XOT5I 

cephe3Hhitt Illar no ITYTH H36aBAeHH5I OT HHX 6bIA CAeAaH. CAeAy-

10ru;Hil BapHaHT 6bIA y)Ke qHCTO ITAeHoqHblll (pHC. 16). 3AeKTpOHbl 

AeTellli c KaTOAa Ha aHOA HaA ceTKOil. Ho HaH6oAee 3cpcpeKTHB

Hoil OKa3aAaCb HeKa5I «CMeCb» lllTa6eAbHOll AaMITbl H qAaHap-

,_.......---=-,:;??~A 

,~:;?? 
11 f fl 

PMc. 15. Wra6eflbHa~ nneHoo.iHa~ naMna. 3 - 3fleKrpoHHb1i:1 noTOK 
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9. f7aMna 6e3 11.ernneilt 

P111c. 16. nneHOYHblill Tp"10A 

HOH: (pHc. 17). AHOAHaH rr.l\.eHKa HaHeceHa Ha OAHY KepaMHqecKyio 

rr.l\.aCTHHy, a KaTOAHaH H ceToqHaH - Ha APYJYIO· TaKHe AaMIIhI 6b1-

.l\.H C03AaHhI B 1977 rOAY B Aoc-AAaMoccKoH: Aa6opaTopHH. CxeMhI, 

coAep)Karn;He TaKHe AaMrrhI H APyrHe AeTaAH M M3rOTOBAeHHhie 

ITO IIO.l\.yrrpoBOAHMKOBOll TeXHO.l\.OrMM IIO.l\.yqMAH Ha3BaHMe BaKy

YMHhIX MHTerpa.l\.hHhlX cxeM (BHC). B 80-e rOAhl rrpoIIIAOro BeKa 

OHM 6bI.l\.H crroco6HhI pa6oTaTh CBhIIIIe 10 000 qacoB rrpM TeMrrepa

TYPe 500° C M MOr.l\.H pa3Mern;aTbCH Ha IIOAJ\.O)KKax c II.l\.OTHOCThIO 

3000 IIIT/cM2 . c Tex rrop OHM IIOHeMHory COBepIIIeHCTBYJOTCH, TO 

eCTb B qacTHOCTM Ae.l\.aIOTCH MeHbllle, M ceH:qac y)Ke MOryT 6bITb 

pa3MepoM OKO.l\.O 100 HM. B 3TOM cAyqae II.l\.OTHOCTh pa3Mern;eHMH 

MO)KeT - IIOKa TeopeTMqecKM - AOCTMrHYTh BIIO.l\.He «TpaH3M

CTOpHbIX» 3HaqeHHH. KcTaTM, KaTOAhI B HMX rrpMMeHHIOTCH B 3TOM 

C.l\.yqae He TepM03.l\.eKTpOHHhie, a aBT03.l\.eKTpOHHbie - CTO.l\.6MKM 

P111c. 17. nneHOYHblill Tp1-10A Ha ABYX nOAflO:>KKax 
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rnasa 2. CaMble npocrb1e naMnb1 /// //IX Henpocrb1e npo6neMbl 

BhICOTOH 10 HM c p(lA11ycoM ocTp11.H 1 HM. Ha Ml1HYTOqKy - 3TO 

HeCKOJ\hKO aTOMOB. 

Ha1160Aee ocTpoil rrpo6AeMoi1 3Tl1X AaMrr .HBA.HeTc.H Bh16op 

MaTep11aAOB - rrp11 TaKl1X TeMrrepaTYPaX KepaMl1Ka Ha1Il1HaeT rro

HeMHOry B3al1MOAeHCTBOBaTh c MeTaAAaMl1, Aa 11 corrpOTl1BAeH11e 

y KepaM11K11 y)Ke HeCKOAhKO yMeHhlllaeTc.H. CAOBOM, peKOPAHhie 

rrapaMeTphI AapoM He AaIOTC.H. 

I1AeHOtIHa.H TeXHOAOfl1.5I 6bIAa ycrrelUHO rrp11MeHeHa 11 B MOIIJ;

HhIX AaMrrax. A 11MeHHO, oKa3aAOCh B03MO)KHhIM He AeAaTh ceT

KY OTAe.l\hHO, a HaHOCl1Th Ha KaTOA 1130A11pyIOIIJ;11e IIOAOCOqKH, 

a Ha Hl1X - rrpoBOA.HIIJ;11e IIOAOCKl1, BhIIIOAH.5IIOIIJ;l1e pOAh ceTKl1. 

3a3op KaTOA-CeTKa B 3TOM cAyqae rroAyqaeTc.H MaAhIM ('ITO YBe

A11tI11BaeT KPYTl13HY AaMIIhI) 11 cTa611.l\hHhlM. TaK rrAeHOtIHa.H Tex

HOAormr, IIOAytI11Bllla.H lll11pOKOe pacrrpocTpaHeH11e 6AaroAap.H pa3-

Bl1Tl1IO IIOAyrrpOBOAH11KOBOH TeXHl1Kl1, crroco6cTBOBaAa yAyqllle

Hl1IO rrapaMeTpOB 3AeKTpOHHhIX AaMrr. 

10. nocneAHMM BHC MOAbl 1926 roAa 

BI1C - 3TO BaKYYMHhie 11HTerpaAhHhie cxeMhI. 1ho 03HatiaeT 

CAOBO «BaKyyMHbie» - IIOH.HTHO. Ho 'ITO B006IIJ;e 03HaqaeT CAOBO 

«11HTerpaAhHhie»? B 06IIJ;etieA0BetiecKOM CMhICAe 3TO 03HatiaeT -

o6'beA11HeHHbie. Harrp11Mep, B IIOAyrrpoBOAHHKOBOH TeXHl1Ke 11H

TerpaAhHa.H cxeMa - 3TO ycTpOHCTBO, rrp116op 11 T. A·· B KOTOpOM 

OTAeAhHhie cxeMHhie 3AeMeHThI (TpaH311CTOphI, A110AhI, corrpoT11B

AeH11.H 11 AP·), a TaK)Ke coeAl1H.HIOIIJ;11e 11x rrpoBOAH11Kl1 HeB03MO)K

HO B3.HTh B pyK11 rro OTAe.l\hHOcT11. IloToMy 'ITO 0H11 peaAH30BaHhI 

Ha OAHOM Kp11CTaAAe, Ha OAHOM KYCKe «TBepAOfO TeAa». IlotieMy 

11 KOrAa rrp11MeH.HeTc.H TaKoe pellleH11e? 

A106a.H BeIIJ;h cocTOl1T 113 qacTeH., 3AeMeHTOB. Aa)Ke y a6co

AIOTHO OAHOPOAHOH (x11M11tiecK11 11 cp11311qecK11) BeIIJ;11 MO)KHO BhI

AeAl1Th, CKa)KeM, AeByIO 11 rrpaByIO, BepXHIOIO 11 Hl1)KHIOIO qacTh. 

EcAH 3Tl1X qacTeH BhIAeAHTh COBCeM He.l\h3.5I, BeIIJ;h, IIQ)KaAyH, 

Ha30BYT BeIIJ;eCTBOM. Harrp11Mep, BOAa B OKeaHe - 3TO BCe )Ke 

BeIIJ;eCTBO, a KYCOK AhAa, y KOTOporo eCTh Bepx 11 Hl13, y)Ke MO)KHO 

Ha3BaTh BeIIJ;hlO. XOT.H 11 BeIIJ;eCTBOM TO)Ke - 3TO HetITO rrpoMe

)KYTO'IHOe. 
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10. nocne,ll,HUU BUG MO,ll,bl 1926 ro,ll,a 

B TeXHHKe c11ryau;m1 rrporu;e H 51CHee - Bee COCTOHT H3 pa3-

HOPOAHhIX qacTeH:, AeTaAeH:. KoHCTPYKTOp, KOrAa rrpHAJMhIBaeT 

To HJ\H HHoe ycTpoH:cTBO, MhIC.l\HT pa3HhIMH ypoBH51MH. CxeMa 

PMHOIIpHeMHHKa cKAaAhlBaeTC51 B ero M03ry H3 corrpOTHBAe

HHH, KOHAeHcaTopoB, KaryrneK, AHOAOB, TpaH3HCTopoB. PaAHO

cTaHu;HH - H3 6oAee KpyrrHhIX 6AOKOB: rrpHeMHHKa, rrepeAaTqHKa, 

aHTeHHhI H T. A· PaAH006opyA0BaH11e caMoAeTa - H3 eru;e 6oAee 

KpyrrHhix: PMHOCTaHu;HH, ApyroH: paAHOCTami;HH, nocTaHoBru;HKa 

noMex, AOKaTopa H AaAee. 0cTaHOBHMC51 B HaIIIeM paCCMOTpeHHH 

Ha ypoBHe npocTeHIIIHX cxeMHhIX 3AeMeHTOB (TpaH3HCTOpOB, AH

OAOB, conpoTHBAeHHH) H cxeM H3 HHX. Co6cTBeHHO, Ha 3TOM 

ypoBHe TaK MhIC.l\H.l\H PMHOHH)KeHepbI B TeqeHHe nOAOBHHhl Be

Ka. 3a HeKOTOphIMH MeAKHMH, HO 3a6aBHhlMH HCKAfOqemrnMH, 

0 KOHX - II03)Ke. 

YcTpoH:cTBa AeAa.l\HCh TaK - 6paAach npHropIIIH51 conpo

THBAeHHH, KOHAeHcaTOpOB, AHOAOB H nocpeACTBOM npoBOAOq

KOB, npHn051, KaHHcpO.l\H H na51AbHHKa COeAHH51AaCh BMeCTe. BbIIIIe 

on11caH H npeArnecTBYJOiu;HH 3Tan, KOrAa PMHOJU06HTe.l\H caMH 

AeAa.l\H cxeMHhie 3AeMeHThI. Mo)KeT J\H B03HHKHYTh MhICAh o6'b

eAHHHTh HeCKOAhKO cxeMHhIX 3AeMeHTOB B OAHY «Beru;h»? Aa, KO

HeqHo, MO)KHO co611paTh Ha MaAeHhKOH IIAaTe KaKyIO-TO cxeMKy, 

HanpHMep, ycH.l\HTeAhHhIH KaCKM, BCTaBHTh 3JY cxeMKY B KOpny

COK H co6HpaTh cxeMhl H3 TaKHX 6AoqKoB. 11 pa3pa6o~HK cxeM 

BnOAHe CMO)KeT MhIC.l\HTh H KOHCTpyttpoBaTh TaKHMH 6AOqKaMH. 

Ho B03HHKHYT no KpaH:HeH: Mepe ABe npo6AeMhI. Bo-nepBhIX, 

B HeKOTOphIX cAyqa51x PMHOHH)KeHepy Hy)KeH AOCTyrr «BHYTPh» 

ycH.l\HTeAbHOro KaCKaAa, a OH OKa)KeTC51 3TOro .l\HIIIeH. Bo-BTOphlX, 

HOMeHKAaTYPa Aa)Ke npOCThIX ycH.l\HTeAbHhIX KaCKMOB 6yAeT Ha

MHOrO-HaMHOro 60AbIIIe, qeM H 6e3 Toro He MaAeHbKa51 HOMeHKAa

TYPa cxeMHhIX 3AeMeHTOB. f1p11qeM 6oAhrne OHa 6yAeT He npocTo 

TaK, a - qTo xy)Ke - no KO.l\HqecTBY paBH03HaqHhIX, paBHOBa)K

HhIX napaMeTpOB. 3TO CAO)KHOe H Ba)KHOe MeCTO B HaIIIHX pac

CY)KAeHH51X, no3TOMY CHH3HM CKOpOCTh H nOBhICHM BHHMaHHe. 

y KOHAeHCaTopa ABa OCHOBHhIX napaMeTpa - eMKOCTh H pa-

6oqee Hanp51)KeHHe, np11qeM AOBOAhHO qacTO BTOpoe cyru;ecTBeH

.HO MeHee Ba)KHO, qeM nepBoe. KoHeqHo, 6hrnaIOT Ba)KHhI Tep-
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rnasa 2. CaMb1e npocrb1e naMnb1 11 11x Henpocrb1e npo6neMbl 

MOCTa6HAbHOCTb, rrapa3HTHa.5I HHAYKTHBHOCTb, Be·c lI ra6apHTbl, 

HO BCe 3TO BTOpHqHo. Ta :>Ke HCTOpH.5! c corrpOTHB.l\eHH.5IMH: y HHX 

eCTb OAHH caMbIH rAaBHblH rrapaMeTp - corrpOTHB.l\eHHe, OAHH 

rrpocTO rAaBHbIH - MOill,HOCTb - lI Kyqa BTOpOCTerreHHbIX -

rrapa3HTHa.5I HHAYKTHBHOCTb, Bee, ra6apHTbl, llIYMbl, TepMOCTa-

6HAbHOCTb. f103TOMY HOMeHKAaTYPa corrpOTHB.l\eHHH lI KOHAeH

caTopoB, rraccHBHhIX 3.1\eMeHTOB cxeM, rrpocTa. Aa:>Ke y AHOAOB -

3.1\eMeHTOB 60.1\ee C.l\O)KHbIX, H6o He.l\HHeHHbIX - HOMeHKAaTYPa 

cpaBHHTeAbHO rrpocTa, IIOCKOAbKY OCHOBHbIX rrapaMeTpOB y HHX 

ABa: MaKCHMaAbHbIH rrp.HMOH TOK lI MaKCHMaAbHOe o6paTHOe Ha

rrp.H:>KeHHe. HecKOAbKO CAO:>KHee cHryau,H.H c aKTHBHhIMH 3.1\e

MeHTaMH - TpaH3HCTOpaMH, H6o y HHX no KpaH:HeH Me.pe TPH 

paBH03HaqHhIX rrapaMeTpa: TOK, Harrp.H:>KeHHe H qacToTa. KoHeq

HO, Bcero y HHX MHOro 60.1\hille rrapaMeTpOB, HO rAaBHbie - 3TH. 

c ycH.l\HTeAbHbIMH KaCKdAaMH lI rrpoqHMH cxeMKaMH CHrya

IJ,H.5! eI11,e CAO:>KHee. Y rrpocTeH:rnero ycH.l\HTeAbHOro KaCKdAa rra

paMeTpoB, Bo-rrepBbIX, MHOro, BO-BTOpbIX, MHOrHe H3 HHX rrpH

MepHO OAHHaKOBO Ba:>KHbl. f103TOMY ec.l\H Mbl XOTe.l\H 6bI co6H

paTh Bee H3 cxeMOK, TO HOMeHKAarypa 6bI.l\a 6bI HaMHOro llIHpe, 

a caM rrpou,ecc KOHCTpyttpoBaHH.5! - AOPO:>Ke. no 3TOMY rryTH 

paAHOTeXHHKa Bee :>Ke IIOW.l\a, HO HaMHOro II03:>Ke, KOrAa B03-

HHK.l\H IIOAyrrpoBOAHHKOBhie MHKpocxeMbl, TOLIHee - KOrAa HX 

rrpOH3BOACTBO CTa.l\O OTHOCHTe.l\bHO rrpoCTbIM lI AeWeBbIM. A B Te 

AaAeKHe BpeMeHa? 

Ha 3ape 3.1\eKTpOHHKH, TO ecTh B 3rroxy BaKyyMHOH 3.1\eKTpo

HHKH, OC06hIX rrpHqlIH co6HpaTb «HHTerpaAbHbie cxeMbl» H3 AaMII, 

corrpoTHBAeHHH H KOHAeHcaTopoB He 6hIAO. Pa3Be qTo AJ\.5l yrrpo

Ill,eHH.H H yAerneBAeHH.H c6opKH rrpHeMHHKa, H6o ecAH B BaKYYM

HOM 6a.l\.l\OHe pa3MeCTHTb He TOAbKO ABe .l\aMIIbl (KaK 3TO qacTO 

Ae.l\a.l\OCb lI II03)Ke)' HO lI BC.5IKHe TaM corrpOTHB.l\eHH.5! lI KOHAeHca

TOpbI, TO eCTb rOTOBbIH ycH.l\HTeAbHbIH KaCKdA, TO Bech OCTaAbHOH, 

BHellIHHH MOHTa)K MO:>KeT BblIIO.l\H.5ITbC.5I HH3KOKBd.l\HcpHU,HpOBaH

HbIM rrepcoHaAOM. 0AHaKo rroMelll,eHHe AeTaAeH: BHYTPh 6d.l\.l\oHa 

yxyArnaeT BaKYYM lI B HTOre 3TO opHrHHaAbHOe perneHHe He 3a

KperrH.l\0Ch. XOT.5! B HeKOTOpOM CMbIC.l\e 3TO 6bI.l\a HaCT0.5Illl,a.5I MHK

pocxeMa: ee He.l\h3.5I 6hI.l\O pa3o6paTh, He HCIIOpTHB. 

54 



10. nocne,ll,HMi1 BUG MO,ll,bl 1926 ro,ll,a 

Pa3yrMeeTCH, cefl:qac, KOrAa roBOpHT H.l\.H rrmnyr CAOBa «Ba

Kyy~rnaH HHTerpaAbHaH cxeMa», HMeIOT B BHAY He corrpoTHBAe

HHH H KOHAeHCaTOphl, 3arraHHHbie BMeCTe c 3AeKTPOAaMH AaMITbI 

B CTeKAHHHyIO KOA6y, a HeqTo TOHKOe H ITAOCKOe, CKOpee Bcero 

Ha KpeMHHeBOH ITAaCTHHe, H3rOTOBAeHHOe MeTOAaMH ITOAyrrpo

BOAHHKOBOH TeXHHKH, «OAHHM KYCKOM», coAepJKarn;ee TbICHqH 

H MHAAHOHbI AaMrr, AAH KOTOpbIX rrpHA)'MaHo AaJKe crreu;HaAbHoe 

Ha3BaHHe - «HaHOTpHOAbI». A TIOTOM 6yAyr HaHOTeTpOAbI, HaHO

rreHTOAbI H ... H HCTOpHH ITOHAeT Aa.Abllle, BITHTaB B ce6H TeOpHIO 

H TeXHOAOrHIO rrpeAbIAyrn;Hx ITOKOAeHHH. 

BoT qTo paccKa3bIBaeT 06 3TOM B ceTeBoH: « 3HD;HKAorre

AHH AaMITOBOH PaAHoarrrrapaT)'PbI» (13.05.2004. NQ 349) CepreH: 

KoMapoB. BrrepBbie «HHTerpaAbHbie cxeMbI» 6bI.l\.H peaAH30BaHbI 

B 1926 rOAY qmpMOH "Loewe" B fepMaHHH. OHM 6bI.l\.H BaKY)'M

HbIMH H aHaAOrOBbIMH H B KaqecTBe ycH.l\.HTeAbHbIX 3AeMeHTOB 

<t>oTo 11. «BVIC» HaYa11a npow11oro aeKa (cj>orn A. B. Ka3apHOBCKoro) 
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rnasa 2. CaMble npoCTble naMnb1 11 11x HenpoCTb1e npo6neMbl 

B HIIX IICIIOAh30BaAIICh «6ecKoprrycHbie» PCiAIIOAaMIIhl, pe3IICTO

pb1 II KOHAeHcaTophl. <l>IIpMe "Loewe" YAaAOCh peumTh cephe3-

HYIO TeXHIIqecKYIO rrpo6AeMy o6ecrreqeHII5I BaKyyMa B o6rn;eM 

6aAAOHe «MIIKpocxeMbl» - «ra35IIIJ;IIe» 3AeMeHThl (B OCHOBHOM -

KOHAeHcaTOpb1) pa3Mern;aAH.ch BHYTPII 6aAAoHa B IIHAIIBHAyaAh

HhIX repMeTIIqHhIX CTeKA5IHHhIX KOA6oqKax. <DttpMOH "Loewe" 

K 1929 rOAY BhIIIYCKaAC5I 11,eAbIH Ha6op TaKIIX II3AeAHH, KOTOpble 

COAep)KaAli ABa HAH TPII TpIIoAa, IIAH ABa TeTpOAa, IIAH ABa TpIIOAa 

li TeTpOA, liAli TeTpOA II rreHTOA, IIAII ABa rreHTOAa, IIAli TPII rreHTO

Aa, a TaK)Ke HeCKOAhKO pe3ttcTopoB II KOHAeHcaTopoB. I1cnoAh30-

BaAIICh 3Tli cxeMbl B rrpOII3BOACTBe MacCOBhIX paAIIOilpIIeMHliKOB. 

CTepeHec5I qacTh cxeMhI P<lAIIOilpIIeMHIIKa BHYTPh P<lAliOAaMilhI, 

qmpMa 3HaqIITeAbHO yrrpocTIIAa ero MOHTa)K II yAellleBIIAa rrpo

li3BOACTBO. MaKCIIMaAhHO rrpocToli PaAIIorrpIIeMHIIK rroAyqaAC5I 

npII IlOAKAIOqeHIIli K IIHTerpaAbHOH cxeMe KOAe6aTeAbHOro KOH

TYPa, rpoMKoroBopIITeA5I II 6aTapeli IIIITaHII5I. Ha cpoTo 11 Bbl 

MO)KeTe BHAeTh TaKYIO AaMrry. Aa, AaBHeHhKO )Ke 3TO 6hIAO ... 

0TCTynneH1r11e 2 - TeXHlrllKO-lrllCTOpW·leCKOe 

«51 pOAIIAC5I B 1911 roAy, KOrAa 5I HaqaA 3aHIIMaThC5I P<lAIIOAI0-

6IITeAhCTBOM, MHe AeT 12 6bIAO TOrAa ... PaAHOAI06IITeAII TOrAa co-

6IIpaAH TOAhKO AIIlllh AeTeKTOpHbie PCiAIIOIIpIIeMHIIKII. nocKOAh

KY rrepBa5I AaMna P-5 OAHOCeToqHa5I, CAeAaHHa5I B HII)KeropoA

CKOH paAIIOAa6opaTOpIIli, 5I He IlOMHIO, KOrAa TOqHo, MO)KeT 6hITh 

B cepeAHHe 20-x rOAOB, AO Hae ern;e He AOlllAa. HaII6oAee pacnpo

cTpaHeHHhIH 6b1A PaAttorrpIIeMHIIK, TaK Ha3hIBaeMhIH, illarrorn

HIIKOBa. KaryrnKa BepTIIKaAbHa5I CT05IAa y MeH5I, AHaMeTp rrpII

MepHo caHTIIMeTpOB 10, KOTOpa5I MOTaAaCb II3 3BOHKOBOH rrpo

BOAOKII, IIOTOMY qTO TOrAa 6bIAli 3AeKTpIIqecKlie 3BOHKli B KBap

TIIpax, rrpoBOAOKa 6b1Aa AIIaMeTpOM 0,8 MM, MeAHa5I u c ABOH

HOH 6YMa)KHOH H30A5Ill,IIeli, ceiiqac TaKIIX rrpoBOAOB, HaBepHoe, 

He AeAaIOT. BOT II3 Hero MOTaAli 3TY KaTYlIIKY 11,liAliHAPIIqecKyIO. 

BHYTPII y 3TOH KaTYlIIKII 6hIAa KaTYlIIKa MeHhrnero pa3Mepa, KO

poTeHhKa5I, Ha KOTOpoli 6bIAa HaMOTKa li3 3TOH )Ke rrpOBOAOKII. 

11 OHa COeAIIH5IAaCh rII6KliMII rrpy)KliHKaMII li3 3TOH )Ke rrpOBO.l\.O

KII c OCHOBHOH KaryrnKOH. 11 BHYTpeHH5I5I KaTYlIIKa 6hI.l\.a Ha OCH, 
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10. nocne,n.Huft BMC MO,D.bl 1926 ro,n.a 

M OCb TOp'Ia.l\.a Hapy)Ky c PYtJKOH, a OT Ka'fYlliKM 60.1\.bllIOH 6bl.l\.M 

OTBOAbl, M 6bl.I\. ITepeKJ\lO'IaTe.l\.b. ITyroBM'IKM MeAHbie, M ITO HMM 

ABMra.l\.C51 CKO.l\.b35Irn;Mi1: MeAHbIH ITO.l\.3yHOK. l1 Thi Mor HaCTpOMTb

C51 Ha BO.l\.Hy. fpy6a51 HaCTpOHKa 6bJ.l\.a 3TMM nepeKJ\lO'IaTe.l\.eM, 

ITepeKJ\lOtJeHMeM, a TO'IHa51 - TbI ITOBopa'IMBa.I\. Ka'fYlliKY, MHAYK

TMBHocTh M.l\.M Bhl'IMTa.l\.aCh, M.l\.M ITpM6aBM.l\.ach. AeTeKTOp Ae.l\.a.l\.C51 

TO)Ke, Ha3hIBa.l\.C51 3TOT KpMCTa.1\..1\. .. ra.l\.eH" (OT Ha3BclHM51 MMHepa

.1\.a - ra.l\.eHMT). 3To 6hI.I\. cepHMCThIH CBMHeu; PbS. KoHe•rno, ero 

TO)Ke ITpno6pecTM, KyITMTh 6hI.l\.O HeB03MO)KHO, XOT51 npaBMTe.l\.b

CTBO, B006rn;e roBop51, MHoro YAe.1\.51.1\.0 BHMMaHM51 pacITpocTpaHe

HMIO PaAMO ITO CTpaHe. l1 B TO BpeM51 Mara3MHhl 6hI.l\.M, qmpMa 

TaKa51 6hl.l\.a AOpeBo.l\.lOu;MOHHa51 3MHrep, IIIBeHHhIX MallIMH, y KO

TOpoi1: 6hJ.l\.a Macca Mara3MHOB no BCeH CTpaHe co IIIBeHHhlMM 

MallIMHKaMM M 3aITaCHhIMM 'IaCT51MM AJ\.51 HMX. l1 CITeu;Ma.l\.bHhIM 

ITOCTaHOB.l\.eHMeM (OHM noc.l\.e peBo.l\.lOu;MM 6hI.l\.M opraHM30BaHhl 

B TpecT focrnBeliMarunHa) MX o6513a.l\.M ToproBaTh PaAMOnpMHaA

.l\.eJKHOCT51MM. IToToMy 'ITO 3TO 6hI.l\.a HaM60.l\.brua51 pacnpocTpa

HeHHaH no BCeH CTpaHe ToproBa51 ceTh. fa.l\.eH Ae.l\.a.l\.C51 C.l\.eAYIO

rn;nM o6pa30M: pacil.l\.aB.1\.51.l\.C51 CBMHeu;, M O'leHb OCTOpOJKHO HaAO 

6hI.l\.O BHecTM B Hero KycoK cephI, Bee 3TO pa3MernaTh M ITOAy

'Ia.l\.C51 ITPM OCTbIBaHMM KpMcTa.1\..1\.. l1 KOrAa Bhl.l\.M.l\.C51 3TOT CBMHeu; 

c cepoi1: MHe Ha naAeu;, M BOT CKO.l\.bKO .l\.eT npOIII.1\.0, no'!TM CTO 

.l\.eT, BOT TyT BHAHO TaKoe OT OJKora CBHHu;OM... 3Ha'IHT BOT 3TOT 

KpHCTa.1\..1\., KOrAa OH 3aCThIBa.I\., TO MO.l\.OTKOM ero pa3611Ba.l\.M, 11 

ITO.l\.yqa.l\.MCh rpaHH. 

CITHPa.l\.b Ae.l\.aAach cAeAYIOrn;HM o6pa3oM: .l\.l06a51 CTa.l\.bHa51 

ITpOBO.l\.01IKa, cpe3a.l\.C51 ee KOHeu; HaHCKOCOK, 'IT06hI 6hJ.I\. O'leHh 

OCTpbIH KOH'IHK, M OHa HaBMBa.l\.aCh B BHAe ITPY)KHHKH. A Ha

AO 6hI.l\.O ABMraTh 11eM-TO. TorAa 6hI.l\.M TaK11e u;11pKy.l\.M, npoAaBa

.1\.HCh, Ha KapaHAarn HaAeBa.l\.C51 u;i.rpKy.l\.b, M OT Hero III.l\.a AYJKKa 

TaKa51 c 11ro.l\.O'IKOH. Ha3bIBaAach 11 K03h51 Hora". TaK BOT, 6pa.l\.MCh 

3TM u;npKy.l\.M. To MeCTO, KOTopoe K KapaHAarny, pa3r116a.l\.OCh, 

M K IT.l\.aCTMHKe ITPMK.l\.eITbIBaAOch M.l\.M ITPMBMH'IMBa.l\.OCh. A 3Ta ca

Ma51 IIITyqKa, Ha KOHeu; 3Ta caMa51 npyJKMHKa 3aKpeII.1\.51.l\.aCh, BMe

CTO MrO.l\.KM 3aKpenM.l\.aCb ITPYJKMHKa c OCTpbIM KOHu;OM, CTa.l\.b

Ha51. 11, noBopa'IMBa51 M ABMra51, ITOTOMY 'ITO rnapHMp JKe TaM 6hI.I\. 
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rnasa 2. CaMbJe npoCTbJe naMnbJ 11 11x HenpoCTbJe npo6neMbJ 

H30JU!l(IUI: 
HO)l(J(a 

wap11KOM 

P111c. 18. AernKrnp 1-1 KOMnoHeHTbl 

OIIl1Jil1Tb Ha wapHK 

OT KapaHAallla K 3TOH lllryKe, H Thi HaXOAHJ\. TO'IKY e OAHOeTopoH

HeH: rrpOBOAHMOeThIO Ha 3TOM KpHeTaJ\.J\.e ... 

KoHetIHO, AeTeKTOp H3 ,,K03heH: HO)KKH" HMeA eoBeprneHHO 

HeHHAyeTpHaAbHhIH BHA, Aa H MeeTa 3aHHMaA MHOrO, H II03TOMY 

y eAeAyrorn;nx AeTeKTOpHhIX rrpneMHHKOB AeTeKTop MHOIO AeAaA

e.51 eAeAyIOIIJ;HM o6pa30M. B BHJ\.KaX B TO BpeM.51 6bIJ\.H HO)KKH 

eAeAyrorn;ero BHAa (pne. 18 a), TaK BOT 3Ta qaeTb BpyqHyro OIIHJ\.H

BaAaeb Ha rnapHK (pne. 18 6). AaAee 6paAHeh AaryHHhie rrAaeTHH

KH OT paq1peAeAHTeJ\.hHhIX KOpo6oK H eo6HpaAoeb yeTpoH:eTBO, 

rroKa3aHHoe Ha pne. 18 B. 3To 6b1Aa TPaAHti;HOHHaH KOHeTpYKti;H.51, 

B 601\.hlllHHeTBe eAyqaeB Mhl Bee TaK AeJ\.aAH. 

AIITeHHa. 6hIAa TaKM: Me~y ABYM.51 AOMaMH, Tpex3Ta)KHhIMH, 

Ha KOHhKe KphllllH rrpo6HThl 6bIJ\.H ABe AhlpKH, H 6hlAH BhieTaBAeHhl 

KBaApaTHbie 3AOPOByrn;He AJ\.HHHhie lllTaHrH, KyIIAeHHhie Ha 6a3ape, 

AepeB.5IHHhie, AJ\..51 qero, HeH3BeeTHO, 3TH lllTaHrH 6hIJ\.H, OT HHX lllJ\.H 

paeT.5I)KKH, tIT06hI OHH He yrraAH. Bee 3TO MHe eTOHJ\.O eKaHAaAa 

e AOMyrrpaBOM. 11 BOT Me~y ABYM.51 AOMaMn 6hIAO MeTPOB 50, 
HaBepHoe, paecT0.5IHHe, He .MeHhllle, 6bIJ\. HaT.5IHyT aHTeHHhIH KaHa

THK y)Ke. Mo)KHO 6blJ\.O KyrrHTh B rocrnBeHMalllHHe, "aHTeHHhIH 

KaHaTHK" Ha3hIBaAe.5I. BhIA HaT.5IHyT aHTeHHhIH KaHaTHK Ha H30M

Topax, a H30MTopaMH 6hIAH rrpoeTo poAHKH o6hIKHOBeHHhie. B TO 

BpeM.51 rrpOBOAOK 6hIAO MHoro Ha poAHKax ¢ap¢opoBhIX. BhIAa 

rHPMHAa, AeAaAaeb H3 ¢ap¢opa, H OTBOA B KBapTnpy. TaK BOT 

Ha TaKyro aHTeHHy, AeTeKTOpHhIM rrpHeMHHKOM, .5I IIOMHIO, THlllHHa, 
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10. nocne,4Ht1U BMC MOAbf 1926 TOAa 

ropOA eIUIT, 11 BApyr .sI eAhIIIIY B HayIIIH11Kax: llAlv\.o, aJ\AO, p~110 

B11H". To eeTb ACUKe BeHy MO>KHO 6hIAO no:HMaTb Ha KaK11x-To 

AJlliHHbIX BOAHax, B TO BpeM.sI 6hIAH MOIIJ;Hble nepeAaT'Il1Kl1. B na

M.sITl1 noqeMy-To Ha3BaH11e AaseHTp11 11 no3hIBHbie 2LO. 

DepBhie AeTeKTOpHbre np11eMH11K11 He 11MeA11 KOHAeHeaTo

pos, HO epa3y noeAe np11eMHl1Ka lllanOIIIHl1KOBa no.sIBl1AHeb np11-

eMHl1Kl1 e eMKOeT.sIMl1. KoHAeHeaTopbI noeTO.sIHHOH eMKOCTl1 Ae

AaAHeh oqeHh npoeTO, B Af06o:H nOAHKJ\.HHl1Ke 111\.11 MeAnyttKTe 

BbIIIpaIIIl1BaAH HeM.sITYJO napaq:rnH11poBaHIJYlO 6YMary, 3TO 6bIJ\.a 

11301\..silJ;H.sI, a 31\.eKTPOAbI AeAaAH 113 eTaHl10A.sI, 01\.0B.sIHHOH cpOAhrl1, 

B KOTopyro TOrAa 3aBopaq11BaAH KOHcpeThl. c KOHcpeTaM11 TOrAa 

6hIAO TPYAHee, qeM e napacp11H11posaHHOH 6yMaro:H. KopoTK11e 

AeHToqK11 cTaH110A.sI coeA11H.sIAHCh B 11 KposeAhHhr:H" 3aMoK. Dpas

Aa tty>KHO OTAaTh AOJ\.)KHOe npoMbIIIIAeHHOeT11 - oqeHh eKopo 

KOHAeHeaTOpbI nO.sIBl1J\.HCb B npOAa>Ke, eHaqaAa OHl1 6bIJ\.H 6y

Ma>KHbie, TaK 11 Ha3bIBaAHeb .. 6yMa>KHhie". 

KoHAeHeaTopbI nepeMeHHOH eMKOeT11 6hIAO eAeAaTb eAoJK

Hee, HO noeKOAhKY see qAeHbI HaIIIero KPY>KKa POY yq11AHeh 

B OAHOH IIIKOAe 11 ypoK TPYAa y Hae 6hIA B cAecapHbIX MacTep

eK11x, Mbl Bbipe3aAH nAaeTl1Hbl Ha ypoKe. 

EhrA >KypHaA, 11 PaA110
11

, no-MoeMy, OH TaK 11 Ha3hIBaAC.sI. /Kyp

HaA 6bIA, no-MoeMy, eol03HhIH. A B XaphKOBe 6bIAO POY, P~110 

06rn;eeTBO YKpa11HbI. 11 y Hae 6b1A p~110Kpy>KoK, KBapTaAbHhr:H. 

Hae 6bIAO TaM MaAbq11IIIeK qeAOBeK 5 111\.11 7. Y Hae Aa>Ke 6hIAH 

YAOeTosepeH11.sI TaK11e 11 POY", BhIAaBaAHeh. 3Haq11T, Halli Kpy>KoK 

6bIA 3aper11eTp11posaH B 3TOM POY. 

AaMnoBa.sI 3noxa HaqaAacb no3>Ke. CHaqaAa 6b1A11 c o6paT

HOH CB.sI3hIO AaMnOBhie np11eMH11K11. Aa, Ha nocTO.sIHHOM TOKe, 

06b1qHO, 6e3 BbIIIp.sIMl1TeA.sI BOT 3Toro CHaqaAa, a noKyrraAH 6a

Tape11. BoT 3Tl1 caMhre, AeKAaHIIIe. 11AH Thi AeAaA caM 11x 111\.11 

noKyrraA. AaMnOBa.sI 3noxa HaqaAaCh c Toro, qTo B 3TOH foc

IIIBeHMaIIIl1He no.sIBl1AHeb B npoAa>Ke AaMnhr P-5, Tp110A, noTOM 

11M11Kpo", TO>Ke Tp110A, noToM 11M11Kpo AC" 111\.11 .. AByxceTKa". 

CHaqaAa 11CnOAh30BaAOeh yc11AeH11e TOAhKO Ha Hl13KOH qacTOTe. 

DoToM - 11 no BhICOKOH, 11 no Hl13KOH. l.JeTbipeXAaMnOBhie np11-

eMH11K11 1 V2, n.sITl1AaMnOBhie 2V2, TO eCTh 11MeBIII11e ABa KacK~a 
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rnasa 2. CaMb1e npoCTb1e naMnb1 11 11x HenpocTb1e npo6neMbl 

yctt.l\.emrn AO AeTeKTopa, AeTeKTop H ABa KaCKMa - rrocAe. Ilo

TOM Haqa.J\.aCh ::moxa cyrrepreTepOAHHHhIX rrpueMHHKOB. 

EhIAa H rrepeAa10ru;aR TeXHHKa. B XaphKOBe 6hIA TaKoH: pa

AHO.l\.106HTe.l\.b KoraH. OH 60.1\.bIIIyru;HH: cpttAaTe.l\.HCT 6hI.I\., y Hero 

6hI.l\.a KO.l\.OCCa.l\.bHeliIIIaR, H3BeCTHa51 Ha Bech ropOA KO.l\..l\.eKIJ;H51 

MapoK. I1 BOT y Hero 6hIA caMoAe.l\.bHhIH paAttorrepeAaTqHK. Bo

o6ru;e 3TOT KoraH 6hI.I\. HH)KeHepoM-3.1\.eKTpHKOM, OH IIOCTapIIIe 

MeH51 6hI.I\.. IloTOM OH pa6oTM Ha XaphKOBCKOM 3.1\.eKTpoMexaHH

qecKOM 3dBOAe. I1 6hI.l\.a HM crrpoeKTHpOBaHa cepH51 acHHXpOH

H.hIX ABHraTeAeli, KOTopa51 Ha3hIBa.l\.ach 11 YKpauHa". A xaphKOB

cKa51 PMHOcTaHu;H51 pa6oTMa Ha BO.l\.He 477 MeTpoB, u qacTuqHo 

OHa BeAa rrepeAaq11 Ha 3crrepaHTO. PMHOCTaHIJ;H51 3Ta IIOMeru;a

.1\.aCh B Ma.l\.eHhKOM AOMHKe. l.l\.aBHhIM HH)KeHepoM 6hI.I\. TOBapnru; 

./KupoHKHH. 51 y Hero yqeHHKOM 6hIA, y 3Toro .IKupoHKHHa. To

rAa TaM 60.l\.hIIIHe reHepaTOpHbie AaMIIhl 6bI.l\.H, rrpw1eM KOrAa Thi 

HaXOAH.l\.C51 B6.l\.H3H reHepaTOpHhlX IIIKacpoB, TO Ha Te6e HHAYK

THpoBaAOCh HaIIp51)KeHHe, H ec.l\.H Thi 6paA )Ke.l\.e3HYIO OTBepT

KY H rrptt6.J\.H)Ka.J\.C51 K IIIKacpy c o6opyAoBaHHeM, TO H3 3TOH 

OTBepTKH ropeAa Ayra K IIIKacpy, TO eCTh Thl 6hl.I\. HCToqHHKOM 

3Toro Harrp51)KeHHR. Ha rrepBoM 3Ta)Ke CT051.l\.H 3.1\.eKTpoMaIIIH

HhI H BhlCOKO'laCTOTHhle reHepaTOphI. feHepaTop 6hl.I\. c 3y6tia

ThlM poTopoM, a o6MOTKa B036y~eHH51 IlOCT051HHOro TOKa 6hI.l\.a 

Ha CTaTope, H 06MOTKH rrepeMeHHOro TOKa TO)Ke 6hl.l\.H Ha CTa

TOpe. KaTYIIJKa HeIIOABH)KHa51 IIOCT051HHOro TOKa HaMarHH'lHBa.l\.a 

3y6tiaThIH poTop, 3y6'laThIH poTop AaBa.I\. rrp11 Bparu;emm BhICo

KYID tiaCTory. IlepeAaBa.l\.OCh B rreHHe, H KOHu;epThl, H IIO.l\.HTH

'!eCKd51 TeMaTHKa. 0AHd~hI rrpHe3)Ka.I\. KaKOH-TO 3HaMeHHThIH 

6ac. I1 KOrAa 51 6hI.I\. Ha 3TOM caMOM rry.l\.hTe, rAe BhIAatia HAeT 

BhICOKOH 'lacTOThI B rrpocTpaHcTBO; TaK cKa3aTh, PMHorrepeAa

tia, CHAeBIIIHH TaM PdAHoorrepaTop rroKa3hIBa.I\. Ha aMrrepMeTp 

H roBopHA: 11 Bo, TaKoro eru;e HHKTO He AOCTHraA". TaKa51 Mo

AYMIJ;H51 6bl.l\.a CH.l\.hHa51. 3To KaKoli-To 6ac, HO KaKOH 6ac, 51 y)Ke 

He IIOMHIO». 

BhI CAYIIJa.l\.H BOCIIOMHHaHH51 AAeKcaHApa AIIIKHHa3H (1911-
2005). I1cTO'lHHKH: AlllKUHa3u A. E. 70 H eru;e II51Th AeT B cTpOio. 

M., 2001; a TaK)Ke - www.n-t.org H APyrtte caliThI. 
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10. nocne)J.H/1111 BMC MOJJ.bt 1926 ro)J.a 

l1TaK, Mb! I13Y'!ll.IITT OAHH THII 3AeKTpOHHbIX rrp116opoB, TaK 
Ha3brnaeMbie «AaMrrhI c 3AeKTpocTaTnqecKH:M yrrpaBAem'.leM». Brre
peAH y Hae MHoro Apyrttx 3AeKTpOHHhIX rrptt6opoB. Ho rryraTbC.H 
He HaAO ! B caMoM AeAe - MaAeHbKa.H MhIIIIh c'heAaeT, KaK 113-
BeCTHO, 6oAbIIIOil: KycoK ch1pa. AeAaeT oHa 3TO oqeHh rrpocTo -
oneAa.H OAHH MaAeHhKHli KycoK 3a APyrttM. Mb1 OAH:H KycoK y)Ke 
«OT'heJITT». Mo)KHO rrepexOAHTh K CAeAyrom;eMy. 



l/1888 3 

3neKTpoHHblH npu6oii 

1 . KaK 01-t 06pa3yeTCS1 

Pa3 ecTh 3AeKTpOHHhIH rroTOK, To AOAJKeH 6hITh 3.1\.eKTpOHHhIH 

oKeaH, Mope HAM xoT.5! 6b1 rroToK? AelicTBHTe.l\.hHO, TepMHH «3AeK

TpOHHhIH IIOTOK» rrpHMeH.5IeTC.5I. l.fro >Ke AO OKeaHa ... «He 3HaIO, 

KeM .5I KaJKych MHpy. Ce6e JKe .5I KaJKych MaAeHhKHM MaJ\.hqHKOM, 

HrpaIOII.J;liM Ha 6epery OKeaHa H BpeM.5! OT BpeMeHH HaXOA.5Jil.J;HM 

60./\.ee KpaCHBYIO paKOBHHY HAM KaMelIIeK». 3TH C.l\.OBa rrpHHaA

AeJKaT l1caaKy HhlOTOHY li COBCeM He CAyqaliHO OHH qacTO IJ;HTH

PYIOTC.5!. Y HX aBTopa MOJKHO rroyqHThC.5! H AHqHoli cKpOMHOCTH 

li IIOHHMaHHIO CKpOMHOCTli II03HaHHOH qe.l\.OBeKOM qacTH OKea

Ha-rrplipOAhl. 

Ha 6epery oKeaHa HhIOTOHa MOJKHO YBHAeTh ern;e Koe-qTo 

HHTepecHoe. HarrpHMep H3o6peTaTeAM - 6paTh.5I P. H 3. BapHaH 

li He3aBHCHMO B. XaH li r. MeTKaAcp YBHAeAM TaM B 1939 roAy 

rrpH6oH:, rrpHqeM He 06b1qHbIH, a 3.1\.eKTpOHHhlll. 3aMeTHM, qTo 

HhIOTOH, BhipaJKa.5Ich o6pa3HO, 3Toro rrpH6o.5I 3aMeTHTh He Mor. 

He IIOTOMy, qTO y Hero 6bI.l\.0 HeAOCTaTOqHO OCTpoe 3peHHe, a IIO

TOMy, qTo He 6bI.I\. ern;e C03AaH .5I3hIK, Ha KOTOpOM MOJKHO 6bI.l\.0 6hI 

paccKa3aTh 06 YBHAeHHOM. TipHpOAa, KaK cKa3aAH 6b1 rrporpaM

MHCThI - «cpaH.I\. IIOCAeAOBaTe.l\.hHOro AOCTYIIa» - AJ\..5I Toro, qTo-

6bI qTO-To Y3HaTh, HaAO qTo-To y3HaTh, a AJ\..5I 3Toro HaAO qTO-To 

Y3HaTh H TaK AaAee. Ha KaJKAOM 3Tarre II03HaHH.5I pacrnHp.5IeTC.5I 

B03MOJKHOCTh AJ\..5I Aa.l\.hHelirnero II03HaHH.5I, a Ha MHOrHX 3Tarrax 

C03AaeTC.5I Heo6xOAHMhIH AJ\..5I 3Toro .5I3hIK. AA.5I Toro, qTo6hI YBH

AeTh ::iAeKTpOHHhIH rrpH6oH:, HaAO 6bIAO cHaqaAa Y3HaTh, xoporno 

Y3HaTh, qTo TaKoe 3.1\.eKTpoH. Tio-BHAHMOMy, 6paTh.5I BapHaH, XaH 

H MeTKaAcp xoporno 3TO 3HaAH. 
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1. KaK OH 06pa3yercfl 

IlpeAeTaBbTe ee6e 3AeKTpOHHblll ITOTOK, ITpOHl13bIBaIOrn;11H: 

ABe 6AH3KO paeITOAO)KeHHbie eeTKH. IloKa Me~y eeTKaM11 HeT 

HaITp5I)KeHl15I, eTaAO 6bITb, B 3a3ope Me~y HHMH - ITOA5I, Ka)K

Ablll 3AeKTpoH BbIAeTaeT 113 3a3opa e TOH )Ke ::mepr11eH: 11 eKo

poeThIO, e KOTopoH: BAeTaeT B Hero. EeAH HaITp5I)KeH11e Me~y 

eeTKaMH eeTb, TO eKopoeTb 3AeKTpOHOB 6yAeT yBeAl1'111BaTbe5I, 

eeAH ITOAe Me~y eeTKaMH - yeKOpH10rn;ee, 11 JMeHbIIIaTbeH, ee

AH - TOpM035lrn;ee. \.ho ITp01130HAeT, eeAH HaITp5I)KeH11e 113Me

H5IeTe5I, HaITpHMep, e11Hyeo11AaAbHO? 3AeKTpOHhI, ITepeeeKaBIII11e 

3a3op ITPH yeKOp5IIOIIJ;eM ITOAe, 6YAYT ABHraTbe5I 6bieTpee Tex, KO

TOpbie ITepeeeKaAH 3a3op ITp11 TopM03Hrn;eM ITOAe. B pe3yAhTaTe 

3AeKTpOHbl Ha'IHYT eo611paTbe5I B eryeTKH, eoeT05Irn;11e 113 ITpo

AeTeBIIIHX 3a3op paHbllie, HO ITPH TOpM035IIIJ;eM ITOAe 11 IT03)Ke, 

HO ITPH yeKOp5IIOIIJ;eM ITOAe. IlpH AaAbHeH:meM ITOAeTe eryeTKH 

Ha'IHYT pa3BaAHBaTbe5I, 1160 6oAee 6hieTpbie 3AeKTpOHbl 6YAYT 

Bb16eraTb 113 eryeTKOB BITepeA, a MeAAeHHbie - OTeTaBaTb. 

IlOTOK 3AeKTpOHOB, BbIIIIeAIIIHH H3 eeTO'IHOro 3a3opa, Ha3bI

BaeTe5I MOAyAHpoBaHHhIM ITO eKopoeT11 - 1160 eKopoeTb pa3HbIX 

3AeKTpOHOB B HeM pa3AH'IHa. IlOTOK 3AeKTpOHOB B 06AaeT11, rAe 

o6pa30BaAHeb eryeTKH, Ha3bIBaeTeH MOAyAHpoBaHHbIM ITO ITAOT

HoeTH - 1160 ITAOTHOeTb 3AeKTpOHOB B eryeTKaX 60AbUia5I, a BHe 

HHX - MaAa5I. 

TaK 11 06pa3yeTeH 3AeKTpoHHbIH ITp1160H: - eryeTKH 3AeK

TpOHOB, 3AeKTpOHHbie BOAHbI HaKaTbIBaIOTe5I Ha 6eper... 11Ae5I, 

KOHetIHO, Kpae1rna5I, HO 3aqeM Bee 3TO Hy)KHO? KaK 11 AA5l qero 

3TO MO)KHO HeITOAb30BaTb? 

He eAeAyeT AYMaTb, 6yATO tieAOBetieeKoe MbIIIIAeHHe eTporo 

AOrH'IHO 11 ITOeAeAOBaTeAbHO. 11, BoeeTaHaBA11Ba5I XOA MbIIIIAe

HH5I yqeHbIX 11 HH)KeHepOB, He eAeAyeT 11306pa)KaTb ero eAHUI

KOM y)K AorwrnhIM. TaK 'ITO, ITPHAYMaB ITp116op, Ha3BaHHbIH HMH 

«KAHeTpOH» - OT rpeqeeKoro eAoBa, 03Hatia10rn;ero yAapHTb, OKa

TbIBaTh BOAHOH, 11306peTaTeAH, MO)KeT 6b1Tb 11 He 6bIAl1 eTporo 

AOrH'IHbl. IlpoeTo 6bIAO HHTYHTHBHO 5IeHO, 'ITO Ha eeTKH MO)K

HO ITOAaTb H O'leHb MaAOe HaITp5I)KeHHe H Bee paBHO 3AeKTpOHbI 

eo6epYTeH B eryeTKH, AHIIIh 6hI AaTb HM A06e)KaTh AO 3Toro 3aBeT

Horo MeeTa. Hy, a 3AeKTpOHHhie eryeTKH - :no 'ITO-TO Morn;Hoe, 
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r11asa 3. 3neKTpOHHb/M npu6oi1 

cephe3Hoe, ITO'ITH oc513aeMoe. TaK 'ITO BPOAe 6h1 MOJKHO MaAoe 

HaITp51>KeH:ue ITpeo6pa3oBaTh BO qTo-To 6oAhlllee. ToAhKO BO qTo? 

BoT T)'T OT ITOAeTa HHTYHQHH ITopa ITepexOAHTh K Aor:uqHoCTH 

H ITOCAeAOBaTeAhHOCTH. 

2. KaK ero 1r1cnonbaoeaTb 

MOAYMQHIO ITO cKopocT:u Mhl C03AaAH, ITpoITycTHB 3AeKTpoH

HhI:i1: ITOTOK MeJK,li,y ABYM51 ceTKaM:u. IToITpo6yeM HCITOAh30BaTh 

3TY >Ke CHCTeMy AA.fl OT6opa 3HeprHH OT 3AeKTpOHHhIX cryCTKOB. 

A 3HeprHH y HHX MHOro - BeAh AO Toro, KaK ITOABeprttyTh ITO

TOK MOAYMQHH ITO CKOpOCTH, ero MO)KHO pa30rHaTh BhICOKHM 

HaITp51>KeH:ueM, coo6IQHB 3AeKTpoHaM 6oAhlllYIO 3Hepr:uIO. ITycTh 

3AeKTpOHHhie crycTKH ITpOAeTaIOT qepe3 3a3op Me)KAy ceTKaMH; 

B 3a3ope HMeeTC51 TOpM0351IQee ITOAe (p:uc. 19). 
l13 3a3opa 3AeKTpOHhl BhIHAYT c MeHhlllHMH 3HeprH51MH, He

JKeAH Te, c KOTOphIMH OHM BOlllAH B Hero. Ho KyAa AeBaAaCh ITO

Tep51HHM HMM 3Hepr:u51? AoM TOKa, ITepexBaThrnaeMa.fl ceTKaMH, 

MaAa, IT03TOMY B AaHHOM CAyqae 3Hepr:ue:i1:, HAYIQeM: Ha HarpeB 

ceTOK, MO)KHO ITpeHe6peqh. 

e 
e 
e-----1----1--~ 

e ____ _..____.__~ 

e 
e 
e 
e __ ....____.__~ 

+ 

HaBe.n;eHHbIH 

P111c. 19. 3neKTpOHHbl~ noTOK, TOpM0351W,1'1~C51 a ceTO'iHOM 3a3ope. Cnesa -

TOpM0351W,ee none C03AaeTC51 1'1CTO'iHl'1KOM 3AC. cnpasa - HaBeAeHHblM TOKOM, 

npornKat0w,11M 'iepe3 conporns11eH11e 
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2. KaK era 11cnonb3DB8Tb 

PacCMOTpHM IIOAp06Hee IIOBeAeHHe TOKa B u;errH 3AeKTPOAa, 

K KOTOpOMY IIOMeTaeT 3AeKTpOHHhlll crycTOK. Ce:Hqac Mhl BBe

AeM rrpHHIJ;HIIHaAhHO Ba)KHOe AAfl TeXHHKH 3AeKTpoBaKYYMHhIX 

rrpu6opoB IIOH5ITHe «HaBeAeHHhlll TOK». 

f1o Mepe IIOMeTa cryCTKa OT AeBOfO 3AeKTpOAa K rrpaBO

My, Harrp5I)KeHHOCTh IIOA5I Me~y AeBhIM 3AeKTPOAOM H crycTKOM 

y6hrnaeT, a Me~y crycTKOM H rrpaBhIM 3AeKTPOAOM B03pacTaeT. 

AeilcTBHTeAhHO, pa3HOCTH rroTeHIJ;HaAOB Me~y AeBhIM 3AeKTpo

AOM H crycTKOM H Me~y crycTKOM H rrpaBhlM 3AeKTPOAOM paBHhI. 

Harrp5I)KeHHOCTh )Ke IIOA5I 6yAeT 60AhIIIe B TOM 3a3ope, KOTOphlll 

MeHhIIIe. Ho pa3 Harrp5I)KeHHOCTH IIOA5I CAeBa H crrpaBa OT crycT

Ka H3MeH5IIOTC5I, TO H3MeH5IIOTC5I H I1AOTHOCTH 3ap5IAOB Ha 3AeK

TPOAaX H, HaKoHeu;, rrpoTeKaeT TOK B u;erru, coeAHH5IIOIIJ;HH 3TH 

3AeKTPOAhl (puc. 20). 
Terreph BepHeMc5I K puc. 19 H YBHAHM, qTo HaBeAeHHhIH TOK 

rrpoTeKaeT He TaK, KaK TOK B 6aTapee, IIHTaIOrn;e:H KaKyIO-TO 

Harpy3Ky, a TaK, KaK TOK B 3ap5I)KaeMOM aKKYMYMTOpe. 11TaK, 

3HeprH5I, Tep5IeMa5I 3AeKTpOHaMH, MO)KeT 3ap5I)KaTh aKKYMYMTOp 

HAH HCIIOAh30BaThC5I KaK-AH6o HHaqe. Terreph CAeAaeM IIOCAeA

HHH IIIar - 3aMeHHM HCToqHHK 3AC corrpoTHBAeHtteM (puc. 19), 
crrpaBa. 06paTHTe BHHMaHHe Ha IIOA5IpHOCTh HaIIp5I)KeHH5I, o6pa-

3yIOrn;eroc5I Ha corrpoTHBAeHHH B pe3yAhTaTe rrpoTeKaHH5I rro He

MY TOKa. f10MpHOCTh TaKM, «KaK HaAO». f1yqoK 6yAeT TopM03HTh 

e----
e----e ___ _ 

e----

PMc. 20. HaseAeHHb1i1 TOK 
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D1asa 3. 3neKTpOHHblM npu6oi1 

caM ce6.H, ecJ\.H coITpOTHB.l\.eHHe He paBHO HYJ\IO HJ\.H 6ecKoHeq

HOCTH. Ae:ikTBHTe.l\.bHO, ecJ\.H ITOMpHOCTh HaITpmKeHHH 6hI.l\.a 6b1 

HHOH, ITYtJOK caM co6oH: 6b1 ycKOp.HACH. KaK TOrAa 6bITh c 3a

KOHOM coxpaHeHHH 3HeprHH? A TaK Bee B ITOPHAKe - 3HeprH.H, 

ITOTep.HHHa.H ITYtJKOM, ITOCTYfiaeT B Harpy3KY H ecJ\.H 3TO ITpOCTOe 

coITpOTHB.l\.eHHe - ITepeXOAHT B TeITAO. KoHetJHO, MO)KHO ITocry
ITHTh H YMHee, H ceH:qac MhI y3HaeM, KaK. Ho cHatJa.l\.a ITOABeAeM 

KpaTKO HTOr - c ITOMOrn;hIO AByxceTO'IHOro 3a3opa MO)KHO co-

3AaTb y 3.1\.eKTpOHHoro ITyqKa MOAYMI.J;HIO ITO cKopocTH, 3aTeM 

OHa ITpeo6pa3yeTC.H B MOAYMIJ;HIO ITO IT.l\.OTHOCTH, c ITOMOrn;hIO 

AByxceTO'IHOro 3a3opa MO)KHO OTHHTh 3HeprHIO y TaKoro rryqKa. 

3TO BCe BMeCTe H eCTb ITpOAeTHhIH KJ\.HCTpOH. OH OCTa.l\.C.H 6bl O'Ie

peAHOH 3a6aBHOH HrpyrnKOH, Ha'Ia.1\.0 KOTOphlM ITO.l\.O)KH.I\. ITapOBOH 

ABHraTe.l\.b fepoHa, ecJ\.H 6h1... ecJ\.H OH He 6hI.I\. Hy)KeH, IT03ape3 

Hy)KeH. HMeHHO TOrAa Ha ITpOTH)KeHHH HecKO.l\.bKHX AeT 6hIJ\.H 

H306peTeHhl BCe OCHOBHhie 3.1\.eKTpOBaKYYMHbie ITpH60pbI, ITpH

MeH.HIOrn;HeC.H ITO ceH: AeHb B 06.1\.aCTH TaK Ha3bIBaeMbIX CBepXBbI

COKHX qacTOT - CHll. 3TOT TepMHH ITPHMeH.HIOT o6bI'IHO, roBop.H 

06 3.1\.eKTpOMarHHTHhIX KO.l\.e6aHH51X C tJaCTOTaMH 60.1\.bllle 3 ffu; 

MJ\.H MMHdMH BO.l\.H KOpoqe 10 CM. TaKoe «KYtJHOe» H306peTeHMe 

roBopHT o 60.1\.bllIHX ycHJ\.HHX, BK.l\.aAhIBaBllIHXCH B AaHHYIO 06-

AaCTh. A «60.1\.bllIHe ycHJ\.HH» BK.l\.aAhIBaIOTCH J\IOAhMH HecITpocTa. 

3. 3a'teM 't8CTOT8M 6b1Tb ceepXBblCOKlllMlll 

TipeACTaBbTe ce6e, 'ITO HaAO ITepeAaBaTb HHcpOpMaIJ;HIO c 60.1\.b

llIOH CKOpOCTblO H B BallleM pacITOp.H)KeHHH HMeeTC.H ITepeAaT'IHK, 

pa6oTaIOrn;HH: Ha HeKOTOpoH: qacTOTe /. c KaKOH CKOpOCThlO MO)K

HO ITepeAaBaTb HHcpopMaIJ;HIO ITPH Hal\.H'IHH TaKoro ITepeAaT'IHKa? 

TiycTh Mbl MO)KeM yrrpaB.l\.51Tb ITepeAaBaeMhIM CHrHa.l\.OM, Bbipe3a.H 

H3 Hero OTAe.l\.bHbie ITepHOAhI KO.l\.e6aHHH (pHC. 21). 
TaKHM CITOC060M MO)KHO ITepeAaBaTb HHcpOpMaIJ;HIO co CKO

pOCThlO f 6HT I c ( 1 6HT - 3TO OAHH Bh16op H3 AByx cHryau;HH: -

eCTh ITO.l\.YBO.l\.Ha HJ\.H HeT; A.1\.51 ITepeAatIH 6yKBeHHOro TeKCTa HaAO 

5 6HT Ha 6YKBY 2 = 32 CHMBO.l\.a). KoHelJHO, cyrn;ecTByeT MHOrO 

BHAOB MOAY.1\.511.J;HH H CKOpOCTh ITepeAatIH HHcpOpMaIJ;HH c HX ITO

MOrn;hIO pa3J\.H'IHa. Ho ITOPHAOK BeJ\.HtJHHhI 6yAeT TaKHM, KaK MhI 
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3. 3a4eM 'IBCTOTBM 6b1Tb csepxBb/COKUMl1 

HaIIpIDKeHJle 

BpeWI 

Pr.tc. 21. nepeAaYa 1t1HcpOpMaU,1t11t1 c noMOLl.lblO MOAYJ151Ll,lt11t1 (np1t1Mep) 

IIOAy<IH.llli. On;eHHM Terreph, KaKOll qacTOTbl CHrHaA HMO HMeTh, 

qTo6bI rrepeAaTh 100 TeKCTOB co CKOpOCTblO HOpMaAbHOll peq11 

H.llli OAHY TeAeBH3HOHHYJO rrepeAaqy. 

CTpH HOpMaAbHo:H peq11 qeAoseK rrpoH3HOCHT rropHAKa 20 
6YKB/c, TO ecTh HMO rrepeAaBaTh rropHAKa 100 6HT/c, a AAH 11e

peAaq11 100 pa3rOBOpOB OAHOBpeMeHHO AOCTaToqHo HMeTb rrepe

AaTqHK Ha qacToTe 10 Kfn;. PeaAbHO K PMHoqacToTaM OTHOCHT 

qacTOThI 60Abllle 100 Kfu; (BOAHhI Kopoqe 3000 M), TO eCTh AI06o:H 

PMHOrrepeAaTqHK rrpH cooTBeTcTsyroin;e:H MOAYAHD;HH c 3TO:H 3a

Aaqe:H crrpaBHTCH. CosceM HHaH CHTYaD;HH c TeAeBHAeHHeM. ¥fao6-

pa)KeHHe COAep)KHT OKOAO 2 . 105 3AeMeHTOB. CTOAO)KHM, qTo HaM 

AOCTaToqHo 8 rpMan;11:H HpKOCTH. TaKHM o6pa30M, AAH rrepeAa

q11 OAHOro 3AeMeHTa H306pa)KeHHH HMO HMeTb 3 6HTa, a AAH 
11epeAaq11 scero H3o6pa)KeHHH 6 · 105 6HT. {fro6hl rAa3 He 3aMe

qaA MeAbKaHHH, H306pa)KeHHe AOA)KHO MeHHThCH He pe)Ke 20 pa3 

B ceKyHAy. 11TaK 20. 6. 105 6HT/c = 107 6HT/C, a qacTOTa rrepe

AaTqHKa AOA)KHa 6bITh He MeHee 107 fn; = 10 Mfu;. 3Ta qacToTa 

COOTBeTCTByeT AAHHe BOAHhl 30 M, TO eCTb cepeAHHe KOpOTKOBOA

HOBOro AHarra3oHa. Ho 3TO AAH rrepeAaqn qepHo-6eAoro H3o6pa

)KeHHH. A;\51. 11epeAaq11 u;seTHoro H306pa)KeHHH qacToTa AOA)KHa 

6hITh Bhlllle, 1103TOMY TeAeBH3HOHHhie rrepeAaq11 BeAYT Ha qacTO

Tax MeTposoro AHaIIa30Ha H ein;e 6oAee KOpOTKHX BOAHaX. A;\51. 
rrepeAaqH HHcpOpMaD;HH co Bee 60Abllle:H H 60Abllle:H CKOpOCThlO 

HY)KHhI see 6oAee BhICOKHe H 6oAee BhICOKHe qacTOThI. 11Hcpop-

67 



rnasa 3. 3neKTpOHHbli1 np116oi1 

Mau;1rn - 3TO 3Hamrn. AIOAH XOT51T 3HaTb, IIplflieM XOT51T O'leHb 

AaBHo: «If II03HaeTe neTmiy n H:eTnHa eAeAaeT Bae .eBo6oAHhl

MH» - 3TO BeAb 6bl.l\.O eKa3aHO y)Ke 19 BeKOB, eTO IIOKO.l\.eH.HH 

Ha3M! KpoMe Toro, BhieOKOtiaeTOTHhie 3.1\.eKTpoMarHHTHhie KO

Ae6aHH51 ne110.l\.b3YIOTe51 B PMHOAOKau;mf (06 3TOM MhI Y3HaeM 

B OAHOH li3 eAeAYIOUJ;llX r.l\.aB), AJ\.H IIH:TaH.H51 yeKOpH:Te.l\.eH li AJ\.H 
MHOr.HX Apyrnx u;eAeH, BII.l\.OTb AO BapKH If rrapKH: B 6bITOBbIX 

Cff4-rreqax. Ho He AJ\.H )KapKH - CBY 3AeKTpoMarHH:THa51 B0.1\.

Ha rrpoHHKaeT eKB03h 6mpnITeKe n HarpeBaeT Beeb ero o6'beM 

paBHOMepHO, a AJ\.H )KapKH HMO rpeTb qepe3 llOBepXHOeTh, TOrAa 

n rroAyqaeTe51 (erAOTHeM e.l\.IOHy, tI.HTaTe.l\.b?) PYM51Ha51 KopotIKa. 

Te11epb, KOrAa neo6xoAH:MOeTh B 3BTI, pa60Ta10w;nx B CBY

AH:arra3oHe eTa.l\.a 51eHa, llOeMOTpllM, 'ITO MOryT li qero He MOryT 

B 3TOM eMhle.l\.e o6bI'IHhle 3.1\.eKTpOHHhie .l\.aMllhl, paeeMOTpeHHbie 

HaMn B AByx 11epBbIX rAaBax. 

4. Hen bast o6"bstTb Heo6"bstTHoe ... 

c nOMO~blO 06bl'IHOM 3neKTpOHHOM naMnbl 

Bo3hMeM o6hitIHYIO 3.1\.eKTPOHHYIO AaMrry H:.l\.lf, KaK H:X Ha3hI

BaIOT, .l\.aMrry e 3.1\.eKTpoeTaT.H'leeKHM yrrpaB.l\.eH.HeM If HatIHeM 110-

HeMHory yse.l\.lftIHBaTh qaeTory enrHa.l\.a, llOAaBaeMoro Ha ee eeT

Ky. KaK y)Ke paeeKa3hIBa.l\.Oeb, KOrAa BpeM51 11poAeTa 3.1\.eKTpoHa 

eTaHeT epaBHH:MO e rrepH:OAOM 11epeMeHHOro Hallp51)KeHH:51, 3.1\.eK

TpOH HatIHeT qaeTh BpeMeHH: 11poAeTa yeKOp51Tbe51, a qaeTb ... TO)Ke 

yeKOp51Tbe51, HO y)Ke MeHblll.HM Ha11p51)KeHHeM. YeH:.l\.eHH:e Ha TaKHX 

qaeTOTaX OKa3bIBaeTe51 MeHbIIIe. TipH: ew;e 6oAee BbieOKH:X qaeTo

Tax qaeTh 11epH:OAa 3.1\.eKTpOH .l\.eTH:T BOo6w;e B TOpM0351UJ;eM 110.i\.e. 

HaKOHeu;, Haery11aeT eH:ryau;n5I, KOrAa 3.1\.eKTpOH BOo6w;e He 6yAeT 

qyseTBOBaTh yrrpaB.1\.51IOUJ;ee ( eeTO'IHOe) Ha11p51)KeHH:e - 3a BpeM51 

ero 110./\.eTa OT KaTOAa AO eeTKli yerreeT rrpoHTlf rrepH:OA BXOA

Horo Ha11p51)KeHH:51, If eYMMapHoe B.l\.lf51H.He AByx rroAyso.l\.H 3Toro 

Ha11p51)KeH.H5I OKa)KeTe51 otieHb Ma.l\.bIM (Ho He paBHhIM HY.l\.IO -

llOAYMali, 11otieMy). Ha KaKoli qaeToTe 3TO 11poH30HAeT? TiyeTh Ha-

11p5I)KeHH:e Ha eeTKe paBHO 1 B, 3a3op eeTKa-KaTOA 10 MKM. TorAa 

BpeM51 110./\.eTa 3.1\.eKTpOHa OT KaTOAa AO eeTKli eoeTaB.HT 0,35 He 
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5. 06paTUM H8/1,0CT8TKM B /1,0CTOMHCTBa 

(cpopMyAy t = d-j2m/eV, fAe t - BpeM5l IIOAeTa, d - 3a3op, 

m H e - Macca H 3ap5IA 3AeKTpoHa, V - Harrp5IJKeHHe - BhI

BeAHTe CaMH), COOTBeTCTByIOIIJ;a5l qacTOTa - IIpHMepHO 3 ffu;. 

3TO H ecTh rrpeAeAhHa5l qacTOTa, Ha KOTOpo:H MOJKHO 3acTaBHTh 

pa6oTaTh 06b1qHyio AaMrry. Ho rrpo6AeMa c BpeMeHeM rrpoAeTa 

3AeKTpOHa OT KaTOAa AO ceTKH He eAHHCTBeHHa5l rrpo6AeMa, B03-

HHKaJOrn;a5l rrpH YBeAHqeHHH qacTOThI. 

BpeM5l rrpoAeTa OT ceTKH AO aHoAa TOJKe He paBHO ttyAJO 

H HHqero xopornero 3To 3a co6o:H He BAeqeT. nocKoAhKY Harrp5l

JKeHHe Ha ceTKe H3MeH5leTC5l, TO 3AeKTpOHhl BAeTaJOT B 3a3op 

ceTKa-9.HOA c pa3HhIMH cKopocT5lMH. TaKHe 3AeKTpOHhI MOryT 

«rrepeIIYThIBaTbC5l» - BAeTeBrnHe II03JKe, HO c 60AblllHMH CKO

poCT5lMH MOryT o6rOH5lTh BAeTeBlllHe paHhllle, HO c MeHhlllHMH 

CKOpOCT5lMH. BaM HHqero He BCIIOMHHaeTc5l? 3TO )Ke rrpeo6pa-

30BaHHe cKopocTHOH MOAYM1\HH B MOAYM1\HIO rro IIAOTHOCTH! 

Ho AaMrraM rrpoKa OT 3Toro HeT, a B HMIIYAhCHOM peJKHMe - qH

CThIH BpeA - HCKaJKeHHe cpopMhI HMrryAhca. 

HaKoHeu;, pe30HaHCHa5l qacToTa KOHTYPa B03pacTaeT c YMeHh

rneHHeM HHAYKTHBHOCTH H qacTOThI (cpopMyAa ToMrrcoHa). EcAH 

AaMrra pa6oTaeT Ha HeKoTopo:H qacToTe, 06h1qHo B ee ceToqHo:H 

H aHOAHOH u;err5lX rrpHMeH5llOTC5l KOHTypa, HacTpoeHHhie Ha 3TY 

qacTory. Ho AaMrra HMeeT co6cTBeHHyIO eMKOCTh (MeJKAy 3AeK

TPOAaMH) H HHAYKTHBHOCTh (BBOAOB). HH MeHhllle 3TOH eMKOCTH, 

HH MeHhllle 3TOH HHAYKTHBHOCTH eMKOCTh H HHAYKTHBHOCTH KOH

Typa CAeAaHhl 6hITh He MOryT. 

I1TaK, BOT TpH rrpo6AeMhl - BpeM5l rrpoAeTa KaTOA-CeTKa, 

BpeM5l rrpoAeTa ceTKa-aHOA, eMKOCTb/HHAYKTHBHOCTh AaMIIhl. 

CTOCMOTpHM, KaK pelllaAHCh 3TH IIp06AeMhl. 

5. 06pan1M HeAOCTaTKM B AOCTOMHCTBa 

HaqHeM c caMoro rrpocToro. I13 cpopMyAhI AA5l BpeMeHH rrpo

AeTa cAeAyeT, qTo YMeHhlllHTh ero MOJKHO TOAhKO YMeHhllleHHeM 

3a3opa HAH YBeAHqeHHeM Harrp5IJKeHH5l (To ecTh YBeAHqeHHeM 

CKOpOCTH). Bbl BeAh He co6npaeTeCh H3MeH5lTh 3ap5IA H Mac

ey 3AeKTpoHa? (Ee MOJKHO TOAhKO YBeAHqHTh. He YAHBMHTech, 
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rnasa 3. 3neKTpOHHb1ft npu6oft 

PMC. 22. CB'-1-KOHrypbl 

a BCIIOMHHTe, KaK.) YMeHbIIIaTh 3a3op MO)KHO, KOHeqHo, He 6ec

rrpeAe.l\bHO. CAeAaTh ero MeHhIIIe 10 MKM He.l\b3JI. 06paTHMCJI 

K HarrpJI)KeHHIO HAH CKOpOCTH 3AeKTpOHa. EcTeCTBeHHO rrpeAAO

)KeHHe - CHaqaAa ycKOpHTh 3AeKTpOH ll AHIIIh 3aTeM ITOABepraTb 

«yrrpaBAeHHIO». 3To H CAeAaHo B KAHCTpoHe. CHaqaAa 3AeKTpoH 

ycKOpJieTCJI OTHOCHTeAbHO BhICOKHM HarrpJI)KeHHeM ll AHIIIh 3aTeM 

BBOAHTCJI B AByxceToqHhIH yrrpaBAJIIOI.QHH 3a3op. BpeMJI rrpoAeTa 

ceTKa-aHOA TO)Ke o6paI.QeHO Ha IIOAh3Y - HMeHHO B 3TO Bpe

MJI, KaK BhI y)Ke 3HaeTe, cKopocTHaJI MOAYAJIIJ;HJI rrpeo6pa3yeTcJI 

B MOAYAJIIJ;lllO ITO IIAOTHOCTll. 

Ho qTo AeAaTh c eMKOCTJIMH H MHAYKTHBHOCTJIMH? TipeA

cTaBnM ce6e KOHTYP, HacTpoeHHhIH Ha oqeHh BhlCOKYIO qacTory. 

KoHAeHcaTop B HeM - ABe rrAaCTHHhI, MHAYKTMBHOCTh - KycoK 

rrpoBOAa (pnc. 22), cAeBa. Y TaKoro KOHTYPa ecTh HeAOCTaToK -

OH 6yAeT CHAhHO H3AyqaTh B OKpy)KaIOI.Qee rrpocTpaHCTBO. KaK 

c 3THM 6opOThCJI? l13BeCTHO, 3KpaHHpOBaHneM. TipOKPYTHM rrpo

BOA, coeAHHJIIOI.QllH IIAaCTHHhI KOHAeHcaTopa, BOKpyr BepTHKaAb

HOH OCH. TioAyqllTCJI TO, qTo Ha3hIBaeTCJI «06'beMHhIH pe3oHaTOp». 

fAe y Hero eMKOCTb - BHAHO. I1HAYKTHBHOCTh - Bee OCTaAbHOe. 

ToqHee 6hlAO 6hr cKa3aTh - 3AeKTpnqecKoe rroAe cocpeAo

ToqeHo B 3a3ope, MarHHTHoe - B OCTaAbHOH qacTn. KoHeqHo, 

TaKOH pe30HaTop HaCTpOHTh Ha CKO.l\b yrOAHO BhICOKYIO qacTO

TY HeAh3JI. Ho Bce-TaKn ... I1 rAaBHoe - KaK xopoIIIo o6'heMHhIH 

pe3oHaTop coqeTaeTcJI c AByxceToqHhIM 3a3opoM ! HaAo TOAhKO 

CAeAaTh 3a3op n3 AByx ceTOK, AH6o Ha AaMrry c AByxceToqHhIM 

3a30p0M HaAeTh CHapy)Kll (MO)KHO y)Ke BHe BaKYYMa) «HHAYK

THBHYIO» qacTh pe3oHaTopa - «6y6AHK». A,AfI_ HeBoopy)KeHHoro 

rAa3a OH BhirAJIAHT rrycThIM ll3HYTpn. Ho MhI-TO 3HaeM - BHYTPH 

y Hero 3AeKTpOMarHHTHOe IIOAe. 
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5. 06paT/llM He/J,OCTaTK/11 B /J,OCTO/llHCTBa 

KaK AerKo Ha AByx-Tpex eTpamrn;ax 113.1\.0:>IUITh rryrh Meon~eB 

11 .l\.eT, 6eeeOHHhIX HOqe:if, Mhie.l\.eH, OII51Tb 11 OII51Tb rrpo6~raIOrn;11x 

IIp11BhiqHhIH rryrh, qTo6bI Ha eOTOM pa3e 3aMeTl1Tb OTBeTB.l\.eH11e 

B6oK, e 3aM11paIOrn;11M eepAn;eM pBattyrhe51 TYAa, )'B11AeTh perne

H11e 11 ern;e He Bep.si: pa3YMOM, 11HTYHI.J;l1eH IIOH51Tb - 3TO OHO. 

qe.l\.OBeKy, Hl1KOrAa He B11AeBrneMy ropbI 11 rrern;ephI, TPYAHO o6'b

.si:eHl1Th, qTo 3TO TaKoe. 06'h51eHl1Th, qTo TaKoe TBopqeeTBO, HaBep

HOe TaK )Ke TPYAHO. Ho 3TO TaK11e Bern;11 - rroBephTe MHe, 51 B11AeA 

11x Bee - J'B11AeB KOTOpbie, HeB03MO)KHO yAep)KaTbe51 OT rrorrhIT

Kl1 - HeT, He o6'h.si:eHl1Tb - HO XOT51 6hI paeeKa3aTb (cpOTO 12). 
B KOHI.J;e KOHI.J;OB, II03Thl y)Ke Tb1e51q11 .l\.eT IIbITaIOTe51 paeeKa-

3aTb, qTo TaKoe .l\.I060Bb. 

A BOT o6'beMHhie pe3oHaTopbI 6bI.1\.11 rrp11MeHeHhI B 3.1\.eKTpOH

HhIX .l\.aMIIaX AJ\.51 pa60Thl B 06.l\.aeTl1 CBq BIIO.l\.He yerrelllHO. 0A11H 

pe3oHaTop «06B11BMe.si:» BOKpyr 3a3opa KaTOA-eeTKa, Apyroil -

BOKpyr 3a3opa eeTKa-aHOA. Bee AaMrrhI, pa60TaIOrn;11e Ha qaeTo

Tax eBbillle 1 rrn;, 11eIIO.l\.b3YIOT 06'beMHhie pe30HaTOpbI. B K.1\.11-

eTpOHe )Ke 11erro.l\.b30BaHo Bee, o qeM paeeKa3aHo Bhillle, epa3y. 

Cl>oTo 12. CBl..f ceTO"IHbte naMnbt 
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rnasa 3. 3neKTpOHHbti1 npu6ou 

BXOA BbIXO)J, 

PMC. 23. nponeTHbl~ KJl~CTPOH 

1-iTaK, BOT OH, rrepBhitt CBY: 3BCT: KaTOA, 3.1\.eKTpOHhl ycKo

p5.!IOTCH, BXOAHOH 3a3op (BXOAHOH pe3oHaTop, rrpoAeTHaH Tpy6a, 
BhIXOAHOll 3a3op) BhIXOAHOll pe30HaTop H, HaKOHeu;, KO.l\..l\.eKTOp-
3./\.eKTPOA, Ha KOTOphlll rrpH6YAYT y>Ke He HYJKHhie HaM 3.1\.eK
TpOHhl, OTAaBIIIHe CBOIO 3HeprHIO B BhlXOAHOM 3a3ope (pHC. 23). 
Terreph rroroBopHM 06 3TOM rrpn6ope (cpoTo 13) qYTh IIOAp06Hee. 

ci>oTo 13. 3Bn CB4, cnesa - nponeTHbl~ KJJ~CTpOH, B u,eHTpe - oTpa:>KaTenb

Hbl~ KJl~CTpOH co CJJIOASIHblM OKHOM BblBOAa 3Heprn~. cnpasa - MarHeTpOH, 

BBepxy - aHOAHbl~ 6JJOK MarHeTpOHa 
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6. HeKOTOpb1e He MenK11e no/1,po6HocT11 

6. HeKOTOpb1e He MenKMe noAp06HOCTM 

HatrneM c HatiaAa - c KaTOAa. Ba)KHOe OTAMtI11e KAMCTpoHa 

OT ero rrpeAllleCTBeHHHKOB - AaMrr c 3AeKTpOCTaTHtieCKl1M yrrpaB

AeHHeM - COCTOHT B TOM, 'ITO KaTOA, KaK roBOp.SIT, «BbIHe

ceH 113 rrpocTpaHCTBa B3aHMOAeHCTB11.SI». 3TO 3HatIHT, 'ITO Ka

TOA He 3HaeT rrpo 3AeKTpOMarHHTHOe IIOAe. 3AeKTpOHbl BCTpe

T51TC51 c HHM TOAbKO B pe30HaTope. A AO Hero HM e~e AeTeTb 

11 AeTeTh. IToKa )Ke 3AeKTpoHaM rrpeACTOMT CAeAaTb Ba)KH)'IO pa-

60-ry - c IIOMO~bJO 3AeKTpMtieCKl1X IIOAeH rrepecTpOHTbC.SI, co-

6paTbC51 B IIAOTHbIH IIYl.JOK. ITocMOTpHTe (p11c. 23) - KaTOA ccpe

p11tieCKl1H, 3AeKTpOHbl 6yAyr co611paTbC5I - HO OHH OTTaAKM

BaJOTC51 APyr OT Apyra M co6paTbC51 «B TOtIKY» He Moryr. <I>op

Ma rrpHKaTOAHOro 3AeKTPOAa (OH, ecTeCTBeHHO, HaXOAMTC51 p51-

AOM c KaTOAOM) rroA6MpaeTc.SI TaK, tIT06i,1 co6paTh 3AeKTpOHhl 

B B03MO)KH0 6oAee IIAOTHbIH M aKKypaTHbIH rryqoK. CAOBO «aK

KypaTHbIH» 03HatiaeT - c rrpMMepHO IIOCT051HHblM AMaMeTpOM, 

TO eCTb He rryAhCMPYJO~MH (rryAbc11pyro~11H IlyqOK HHOrAa MO)K

HO 11CIIOAb30BaTb, HO HMO pa3Me~aTb pe30HaTOpbI B MeCTax, 

rAe rryqoK C)KHMaeTC51) M AaMMHapHhlH, TO eCTb c HenepeceKa

JO~MMMC51 TpaeKTop115IM11 (p11c. 24). C~ecTByeT u;eAa.SI HaYKa -

«3AeKTpOHHa51 OIITHKa», 3aHHMaJO~a51C51 BOIIpOCOM, KaK CAeAaTb 

TaKoli rryqoK, KaK HMO. A rro

tieMy 3TO <<HaAO»? KaK11e na

paMeTpbI 3BIT 3aBMC51T OT nyq

Ka? 0TBeT npOCT - OCHOBHbie. 

AnaMeTp nyqKa He MO)KeT 6bITb 

60Abllle AAflHbl BOAHbl - HHa-

qe 3AeKTpMtieCKOe IIOAe B pa3-

HhlX MeCTaX 3a3opa 6yAeT pa3-

HbIM 11 cryCTKH rrepecTaHyr «C0-

6npaTbC51». A TOK rryqKa BXO

AMT MHO)KMTeAeM B MO~HOCTb 

3BIT- MO~HOCTb, KaK 113BeCT

HO, eCTb npOM3BeAeHMe HaIIp51-

)KeHM51 Ha TOK. :V:ITaK, IIAOTHOCTb 

3AeKTpOHHOro IIyqKa BAH51eT Ha 

73 

®--= 

PMc. 24. 311eKTPOHHb1e nyr.iK~ csep
xy BH~3: aKKypaTHblH-He11aM~HapHblH

ny11bC~PYIOLl.l~H 



rnasa 3. 3neKTpOHHbJlll np116olll 

PHc. 25. 3a YTO 1t1AeT 6opb6a 

AOCTIDKllMOe rrpOH3BeAeHH:e MOIT\HOCTll p Ha KB~paT qacTOTbl f. 
TiomITHO, qTo KBaApaT qacTOThl - 3TO Be.J\MqlfHa, o6paTHa51 IIAO

m;~H rryqKa? 3TOT rrapaMeTp P/2 H ecTb Kpinepn:H coBeprneH

CTBa 3BTI. Bbl yJKe 3HaeTe - qeM 60Ahllie /, TeM MOJKHO 60Abllie 

rrepeAaTb HHcpOpMau;nH, a qeM 60Abllie P, TeM AaAhllie ee CMO

ryr rrpHH51Tb. TaK qTo 3a qTo 6opoTbC51 - ecTb (pnc. 25). 0AHH 

H3 xopornnx IIYTe:H 3Toii 6opb6b1 - BbIHOC KaTOAa H3 rrpocTpaH

CTBa B3allM0,11.,e:HcTBHSI, II03BOJ\.SIIOIT\HR OIITHMaAhHO ccpopMHpO

BaTb 3AeKTpOHHhlR rryqoK. 

HeqTo IIOA06Hoe rrpoHcXoAHT n Ha ApyroM KOHu;e 3AeKTpOHHO

ro rroToKa. Mom;HblR 3AeKTpOHHhl:H rryqoK, ecAM ero rrpSIMO Hanpa

BHTb Ha MeTaAJ\, KaK 3TO qacTO (HO He BCerAa, Bbl 3TO yJKe 3HaeTe) 

AeAaeTC51 B 06b1qHbIX AaMrrax, «KaK Heqero AeAaTb» pacrrAaBHT 

3TOT MeTaAA. CKB03Ha51 AblpKa B aTMoccpepy 3TO He To, qTo 

HYJKHO BaKyy~rnoMY rrpn6opy. flo3TOMY rryqoK rrepeA «IIOCdAKOR» 

Ha aHOA «pacrryrnaeTCSI» (pllC. 23), «pacTaCKHBaeTCSI» Ha B03MOJKHO 

. 60AhrnyIO IIAOIT\dAh· CAO Ba, B3SITble B KaBblqKn TaK Ha3bIBaeMblR 

TexHnqecKHR JKaproH, )Kll3Hb IIOKa3aAa, qTo B TeXHllKe Ha OAHOM 

AMTepaTYPHOM 513h1Ke SI3b1Ke cpopMyA pa3rOBapnBaTb TPYAHO. 

Terrepb em;e HeCKOAhKO AeTaAe:H K rropTpery KAMCTpOHa. no

CKOAhKY P/2 -orpaHnqeHne CB513aHo c 3AeKTpOHHblM rryqKoM, OAHH 

H3 IIYTe:H ero rrpeOAOAeHn51 - C03AaBaTb B OAHOM rrpn6ope He

CKOAhKO 3AeKTpOHHblX rryqKOB ( aHaAOrnqHoe perneHne llCIIOAh-
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6. HeKoTOpb1e He MenK11e no11.po6Hocr11 

3yeTCH H B 3Bn c 3AeKTpocTaTnqecKHM yrrpaBAeHHeM). MHoro 

MOJKeT 6bITb He TOAbKO 3AeKTpOHHbIX rryqKOB, HO H pe30HaTOpOB. 

KpoMe BXOAHOro H BhIXOAHOro pe3oHaTopoB, no XOAY ABHJKeHHH 

3AeKTpOHHblH rryqOK MOJKeT rrpOXOAHTb eru;e qepe3 HeCKOAbKO pe-

30HaTOpHbIX 3a3opoB. B KaJKAOM H3 HHX 3AeKTpOHHhie crycTKH 

HaBOA5J:T IIOAe, KOTOpoe HX caMHX CAerKa «IIOAJKHMaeT», IIOAcpOp

MHpOBbIBaeT, AeAaeT 6oAee IIAOTHbIMH. HaKoHeu;, KaK C03AaBaTb 

HCXOAHbie crycTKH, TaK CHHMaTb c rryqKa ycHAeHHbIH CHrHaA 

MOJKHO He pe3oHaTopoM, a APyrHMH ycTpo:fr:cTBaMH. Ho o HHX 

IIOHAeT peqb B cAeAyioru;e:H rAaBe, IIOCKOAbKY 3TH ycTpOHCTBa 

IIpHMeH51IOTC51 B OCHOBHOM B APyrHx 3BTI. 

I1 HaKoHeu;, MHOro MO)KeT 6hITb He TOAbKO AyqeH: H pe30HaTo

poB, HO H «qacTOT». BLIXOAHOH pe3oHaTop MOJKeT 6hITb HaCTpoeH 

He Ha qacTOTY f cnrHaAa, BBeAeHHoro BO BXOAHOtt pe3oHaTop, 

a Ha «rapMOHHKy» - qacTOTY nf. AeiicTBHTeAbHO, KaqeAH 6y

AYT pacKaqHBaThCH, AaJKe ecAH MhI HX 6yAeM IIOATaAKHBaTb qepe3 

pa3 HAH qepe3 ABa pa3a Ha TpeTHii. AMIIAHTYAa KOAe6aHHii rrpn 

3TOM, KOHeqHo, yMeHbIIIHTCH. TaKHM o6pa30M, rrpoAeTHhIH KAH

cTpoH MOJKeT 6hITh rrpnMeHeH He TOAbKO KaK ycHAHTeAb, HO H KaK 

YMHOJKHTeAb qacTOThI. OT yMHOJKeHHH OAHH IIIar AO reHepau;nn. 

CAeAaTb 3TOT IIIar He TPYAHO. AeiicTBHTeAhHO, BbIBeAeM qacTb 

CHrHaAa H3 BhIXOAHOro pe30HaTopa H BepHeM ee BO BXOAHOH. 

ECAH CABHr cpa3bl B caMOM KAHCTpOHe H B u;errn o6paTHOH CB513H 

TaKoii, qTo «KycoqeK» BbIXOAHOro CHrHaAa, B03Bparu;a51Ch Ha BXOA, 

COBIIMaeT no cpa3e co BXOAHhIM CHrHaAOM, ycHAHTeAb MOJKeT rrpe

BpaTHTbC51 B reHepaTop. AM 3Toro eru;e HMO, qTo6hI «KycoqeK» 

6bIA He CAHIIIKOM MaAeHhKHM - qTo6bI BepHyBIIIHHC51 CHrHaA 

6hIA 60ALII1e HCXOAHOro. lfro rrponcxoAHT Ha cu;eHe, ecAH ycnAe

HHe CHrHaAa MHKpOcpOHa AOCTaTOqHo BeAHKO H Ha Hero IIOIIaAaeT 

3BYK OT AHHaMHKOB? 0 cpa3e B 3TOM CAyqae 3a60THTbC51 He rrpHXO

AHTC51 - reHepau;mr B036yJKAaeTC51 Ha TOH qacTOTe, Ha KOTOpoli 

CABHr cpa3bl BO BceH: u;errH COCTaBHT 21T. 
3aMeTHM, qTo «CHrHaAOM» 51BA51eTC51 B HeKOTOpOM CMbICAe 

H caM 3AeKTpOHHblH IIOTOK, TOqHee - pacrrpocTpaH51IOlli;Hec51 

B HeM 3AeKTpOHHble crycTKH. lfro, ecAH 3acTaBHTh B03Bparu;aTbC51 

HX BO BXOAHOR pe30HaTOp? CTycTb, HaIIpHMep, BMeCTO BTOpO-
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rnasa 3. 3neKTpOHHblt1 npu6ot1 

ro pe30HaTopa CTOHT «OTpa)KaTe.l\.h» - 31\.eKTPOA, Ha KOTOpbIH 

IIOAaHo OTpnn;aTe.l\.hHoe Harrp.H)KeHne. CrycToK llOAJ\.eTHT K He

My, pa3BepHeTCH H rroAeTHT Ha3dA, K BXOAHOMY 3a3opy. Ho 110-

J\.eTHT y)Ke B BHAe crycTKa. ITpoXOA.H qepe3 «BXOAHOH» 3a3op, 

TaKoH: crycTOK BbI30BeT 110.HBJ\.eHne 31\.eKTpRqecKoro 110AA. Ec

J\.H cpa3a :noro IIOJ\..H TaKoBa, qTo OHO 6yAeT ycnJ\.HBaTh MOAYJ\..H

u;mo 31\.eKTpOHHOro IIOTOKa, 11pH6op HaqHeT reHepHpoBaTb. JICHO, 

qTo li3MeHeHHeM Harrp.H)KeHH.H Ha OTpa)KaTeJ\.e MO)KHO ynpaBJ\..HTb 

BpeMeHeM llOJ\.eTa crycTKa Me~y 11epBbIM H BTOpbIM rrpoXOAOM 

qepe3 pe3oHaTop. l..JeM oTpnn;aTe.l\.hHOe Harrp.H)KeHne Ha oTpa)Ka

TeJ\.e 60.1\.hllle, TeM Ha 60.1\.hllleM paCCTO.HHlill OT ce6.H OH OCTa

HOBHT crycTOK H 3acTaBHT BepHYTbC.H ero B 3a3op. HarrpOTHB, 

yMeHbllleHHeM Harrp.H)KeHH.H MO)KHO A06HTbC.5I cnryan;HH, KOrAa 

crycTOK BepHeTC.H He B rrepBbIH «yAaqHbIH MOMeHT»' a BO BTOpoH: 

(aHdJ\.OrHH c KaqeJ\..HMH!). BrrpoqeM, MOin;HOCTb cnrHaJ\.a, reHepn

pyeMoro rrpH6opoM - ero Ha3hIBaIOT OTpa)KaTe.l\.hHbIH KJ\.HCTpOH 

(cpOTO 13) - 6yAeT B 3TOM CJ\.yqae MeHbllle. y OTpa)KaTe.l\.hHO

ro KJ\.HCTpoHa ecTb OAHO rrpHHTHOe CBOHCTBO - qacToTa reHe

pnpyeMhIX HM KOJ\.e6aHHH HeMHoro MeH.HeTC.H rrpH ll3MeHeHHH 

Harrp.H)KeHHH Ha oTpa)KaTeJ\.e. EcTeCTBeHHO - OH reHepRpyeT 

Ha TOH qacTOTe, Ha KOTOpoH: BbIIIOJ\.H.HeTC.H YCJ\.OBHe COBIIdAeHH.H 

cpa3 (IIOMHHTe MHKpOcpOH H AHHaMHK Ha 3CTpaAe?). A BpeM.H IIO

J\.eTa cryCTKa li cpa3a ero rrpH6bITH.5I 3aBHC.5IT, KaK Bbl y)Ke 3HaeTe, 

OT Harrp.H)KeHH.H Ha OTpa)KaTeJ\.e. 

OTpa)KaTe.l\.hHbIH KJ\.HCTpoH 6bIJ\. C03AaH B 1940 rOAY B. <D. Ko

BdJ\.eHKO H He3aBHCHMO OT Hero - H. A. AeB.HTKOBbIM, E. H. Aa

HHJ\.hn;eBhIM, 11. B. I1HcKyttOBhIM. B TeqeHHe AeCHTHJ\.eTHH: OH 6hIJ\. 

OCHOBHhIM THllOM reHepaTopa CBl..J-KoJ\.e6aHHH. Ero rAaBHbIM rrpe

HMyin;ecTBOM rrepeA APyrHMH 6hIJ\.a B03MO)KHOCTh «3J\.eKTpnqe

CKOH rrepecTpottKH» - ynpaBJ\.eHHeM qacToToii IIYTeM H3MeHe

HHH Harrp.H)KeHH.H. fl03)Ke IIOJ\.ynpoBOAHHKOBble 11pn6opbl COCTa

BHJ\.H OTpa)KaTe.l\.hHOMY KJ\.HCTpOHY BeChMa cepbe3HyIO KOHKypeH

D;HIO. 0AHaKO B AHaIIa30He MHJ\.J\.HMeTpOBbIX AJ\.HH BOJ\.H 3BIT IIO

rrpe)KHeMy «AaIOT cpopy» IIOAynpoBOAHHKaM, a Ha MaJ\.bie ra6apH

Tbl IIOJ\.yTIPOBOAHHKOBbIX rrpH6opoB OTpa)KaTe.l\.hHbie KJ\.HCTpOHbl 

CMOrJ\.H OTBeTHTb. 0TBeT IIOJ\.yqHJ\. Hd3BdHHe «MHHHTpOH». flpHMe-
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7. Ocranocb ronbKO c.aenaTb 

Hemfe COBpeMeHHhIX TeXHOAOnfqecKHX MeTOAOB 1103BOAHAO co-

3AaTb OTpa>KaTeAbHhie KAlfCTpOHhl, cpaBHlfMbie 110 pa3Mepy c 110-

AyrrpoBOAHlfKOBhIMlf 11pH6opaMH. Bc110MHHM, qTo HeqTo llOA06-

Hoe 11p0H30IIIAO lf c 06b1qHhIMlf 3AeKTpOHHhIMlf AaMllaMlf (HYBH

CTOp, Bl1C). ITo-BHAlfMOMy, Ka)KAhIR KAacc 11pH6opoB >KJ1rneT -

B TeXHHKe lf B C03HaHlflf AIOAeR - co CBOlfM KOMIIAeKCOM Tex

HOAOrHqecKHX 11pHeMOB lf co CBOlfM KOMllAeKCOM KOHCTPYKTHB

HhIX peIIIeHHR. KAacc 11pH6opoB - 3TO 11pHHLJ;H11 HX AelicTBmr; 

11pHHIJ;H11 AeHCTBH51 MO>KeT 6bITh BOllAOLIJ;eH B pa3HhlX KOHCTPYK

IJ;H51X. Bo3MO>KHOCTh BhIIIOAHeHH51 Toil HAM HHoli KOHCTPYKIJ;HH 

011peAeA51eTc51 ypoBHeM pa3BHTH51 TeXHOAOrHH. MopaAh - ecAH 

Mhl XOTHM, qT06hI TeXHHKa pa3BHBaAaCb rapMOHlfqHO, a Ka>KAhIH 

KAacc 11ptt6opoB >KHA AOMO H cqacTAHBo, KOHCTPYKTOphl AOA>KHhI 

BHHMaTeAbHO CAeAHTh 3a HOBhIMlf TeXHOAOrlfqecKHMlf MeTOAaMH. 

MHHHTpoH, HYBHCTOP H Bl1C - xopoIIIHe ToMy 11pHMeph1. 

ITopa, OAHaKo, 11oroBopHTh HeMHoro lf o TeXHOAOrHH. 

7. OcTanocb TOnbKO CAenaTb 

HaAeIOCh, He Tpe6yeTCR llORCH51Th, qTo 3TO lllyTKa? 06bl'IHO 

Te, KTO C03AaIOT TeOpHIO 11pH6opa, xopOIIIO llOHHMaIOT, KaK T51>KeA 

XAe6 KOHCTpYKTOpa H TeXHOAora, Aa H KOHCTPYKTOphI TexHoAo

roB oqeHh YBa>KaIOT. ABTopy - XOT51 caM OH TeopHIO 11pH6opoB 

He C03AaBaA - qaru;e 11pHXOAlfAOCh Ha6AIOAaTb HeYBaJKeHHe B 06-

paTHyIO cTopoHy. «Ha11pHAYMaIOT TaM, a HaM OTAYBaThC51 ... » 

y MeH51 6bIA co6Aa3H - lfCllOAh30BaTh B Ha3BaHlflf 11aparpa

cpa MOTHB 3HaMeHHTOH EAOXH. Ho 3TO 6hIAO 6b1 TaK TpHBlfaAbHo! 

ITpHrnAOCh yAep>KaThC51. A BOT B TeKcTe YAep>KaThC51 He YAaAOCh. 

CAeAaeM ou;eHKY «110 11op5IAKY seAlfqlfHhI». EAoxa - 1 MM, Hora 

6AOXlf - 0, 1 MM, rB03Ah - 0,01 MM, IIIA5111Ka rB03A51- 0,001 MM, 

1 MKM. KoHeqHo, 1 MHKpOH - 3TO HeMHOro, HO cospeMeHHa51 TeX

HOAOrH51 YMeeT AOCTHraTh H TaKOH ToqHOCTH, H B HeCKOAhKO pa3 

60AhllleH. ITpaBAa, 11pHMeH5110IIJ;lfeC51 B Hen MeTOAhI AA5I KOBKlf 

6Aox He HCllOAh30BaAHCh Aa>Ke B XYAO>KeCTBeHHoH: AHTepaTYPe. 

3Tlf MeTOAhI Ha3bIBaIOT qacTo o6IIJ;HM CAOBOM «3AeKTpOcpH3lf'!e

CKlfe» H OTHOC51T K HMM 3AeKTp03p03lfOHHYJO o6pa6oTKy, 3AeK

TpOXlfMlfqecKyro, o6pa60TKY 3AeKTpOHHhIM, lfOHHhIM lf Aa3epHbIM 

77 



rnasa 3. 3neKTpDHHb1u npM6ou 

AY'!OM H APyrHe. l1MeHHo rrporpeee B TeXHOAOrHH II03BOAMA 3BI1 

eopeBHOBaTbe.sI B pa3Mepax e IIOAyrrpoBOAHHKOBbIMH rrptt6opaMH. 

Ho MaAbie ra6apHTbI - 3TO He rAaBHOe. TaK JKe KaK H He eaMoe 

rAaBHOe - KOHKypeHIJ;IUI, 6opb6a II eopeBHOBaHIIe e KeM 6hI TO 

Hll 6hIAO. fopa3AO BaJKHee TO, rAe Hll'lero 3Toro HeT - AeAo, KOTO

poe HllKTO 3a Hae He eAeAaeT. 11 B o6AaeTII 60AbIIIllX MOIIJ;HOeTell: 

3BI1 HHKTO He 3aMeHIIT. 

A rrpo6AeM B 3TOH o6AaeTH OKa3aAOeb HeMaAO. I1pOIIJ;e CKa-

3aTb, 'ITO TaM Bee - npo6AeMa. Bo-rrepBblX, eeTKH, 06pa3yro

IIJ;He 3a3op B pe3oHaTope. KaKa.sI-TO AOM 3AeKTpOHOB oeeAaeT 

Ha 3THX eeTKax, MHrOM npeBpaIIJ;a.sI BCIO eBOIO KHHeTII'leeKyro 

3HeprHIO B TerrAoByro. CeTKH AeAaAH H TyrOITAaBKHe, H e TOH

KHMH BbleOKHMll pe6paMH ('IT06bl OHH AY'!llle rrepeAaBaAH TeIIAO 

Ha OXAaJKAaeMyro 'laeTb pe30HaTopa), HO Bee paBHO - B MOIIJ;HbIX 

rrpH6opax HX HeT. 3AeKTpOHHblll IIY'!OK AeTHT -qepe3 OTBepeTHe, 

KaK 6hI eeTKY e OAHHM 60AblllHM OKHOM. PbI60AOBHa.sI eeTb TaKO

ro THI!a II03BOAMAa 6hI coxpaHHTb HeTpOHYTbIMH 6oraTCTBa Bcex 

Mopell: H oKeaHoB! CB"Y 3BI1e6eeeeToqHbIMH 3a3opaMH, OAHaKo, 

pa6oTaIOT HeIIAOXO, Aa H Apyroro BbIXOAa HeT. 

CAeAyroIIJ;a.sI rrpo6AeMa- «OKHO AM BbIBOAa 3HeprHH». MoIIJ;
Hbie 3AeKTpoMarHHTHble KOAe6aHH.sI reHepHpy10Te.sI B BaKyyMe, 

a HYJKHbI OHH HaM eHapyJKH rrpH6opa, B B03Ayxe. Ka3aAoeb 6hI, 

oeo6oll: rrpo6AeMbI HeT - AI06oe eTeKAo HAM KepaMHKa rrpo3paq

HbI AM 3AeKTpoMarHHTHoro H3AY1IeHH.sI H «He rrpo3paqHbI» AM 
B03Ayxa. Ho He Bee TaK rrpoeTo! l.J:aeTb 3AeKTpoMarHHTHoro H3-

AY1leHH.sI rrorAOIIJ;aeTe.sI eTeKAOM HAM KepaMHKOH H HarpeBaeT ee. 

KepaMHKa MaTepHaA eaM no ee6e TepMoeTOHKHH, HO rrpH Ha

rpeBe YBeAMqHBaeTe.sI ee rrpoBOAHMOCTb, OHa HaqHHaeT eHJ\.bHee 

rrorAOIIJ;aTb 3AeKTpOMarHHTHOe H3AY1IeHHe, eIIJ;e eHJ\.bHee Harpe

BaTbe.sI H TaK AaAee. 3TOT rrpoIJ;eee Ha3blBaeTe.sI TeIIAOBOH rrpo6oll:, 

a KOH'!aeTeH OH eKB03HbIM rrporrAaBAeHHbIM OTBepeTHeM, eoeAH

HHIOIIJ;HM BaKyyMHblH o6'beM rrpn6opa H aTMoecpepy. AaJ\.bHell:1IIee 

B rro.sieHeHH.sIX He HYJKAaeTe.sI. 

MHorHe TeXHOAOrttqeeKHe rrpo6AeMhI, KaK H rrpo6AeMa H3-

roTOBAeHH.sI eeTKH, eBOA.sITe.sI K BhI6opy MaTepHaAa. I1pIIqeM eII

ryaIJ;H.sI 06bI'lHO yeTpOeHa TaK, qTo MaTepHaA, KOTOpbIH crroeo-
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7. 0CTaf10Cb TOJ1bKO C,[J.enaTb 

6eH BhIAepJK11BaTh 6oAee BhICOK11e TeMrreparyphI (Harrp11Mep, ry
rorrAaBK11e 11 rrpoqHhie rrp11 BhICOKl1X TeMrreparypax MOA116AeH 

11 BOAbcppaM) 6yAeT 11 HarpeBaTbC51 Cl1AbHee (Harrp11Mep, 113-3a 

rrAoxo:H rrpoBOA11MOCTH 11 rrAoxo:H TerrAorrpoBOAHOcT11). ql1CThIX 

MeTaAAOB B rrp11p0Ae He TaK YJK MHOro, HO CIIAaBOB - He cqecTb. 

BAo6aBOK, ecTh ern;e KOM1103m:1;110HHhie MaTep11aAb1 - Harrp11Mep, 

cMeCh (He CIIAaB!) BOAbcppaMa 11 MeA11 - coqeTa10rn;11:H BbICOKyIO 

rrpoBOAHMOCTh, TerrAorrpoBOAHOCTb 11 rrpoqHOCTh. 

MHor11e 3Bfl CBl.J pa6oTaIOT B 11MrryAhcHoM peJKHMe. 3To 

3Haq11T, qTo 3AeKTpOHHhIH IIOTOK 06pym11BaeTC5I Ha ITOBepxHOCTb 

KOAAeKTopa HMIIYAbCaM11, CKaJKeM 1 MKC TOK 11AeT, a IIOTOM 1 MC 

TOKa HeT. 3AeCb, Ha KOAAeKTOpe KOHqaeTC51 KOpOTKa51, HO 51pKa51 

611orpacp1151 3AeKTpOHa - B BaKYYMe OH ycKOp51AC51, TOpM0311A

C51 H reHepHpOBaA, a B M€TaAAe eCTb TOAbKO 6e3Al1Kl1H «3AeK

TpOHHhlH ra3», TaM 3AeKTpOHhl He OTA11qa10Tc5I APyr OT Apyra. 

Ho HarrocAeAOK 3AeKTpoH AeAaeT BOT qTo - OTAaB ocTaTOK 3Hep

rHH Ha HarpeB KOAAeKTopa, OH crroco6cTBYeT ero pa3pymeH1110. 

Ae:HcTBHTeAhHO, KOrAa TOK HAeT, rroBepxHOCTh KOAAeKTopa Ha

rpeBaeTc51, B rray3e - OCThrnaeT. flp11 HarpeBe 11 OXAaJKAeHHH 

B03HHKaIOT TepM11qecK11e HaIIp51JKeHH51, B MaTepHaAe KOAAeKTO

pa IIOHeMHOry HaKaIIA11BaIOTC5I Al1CAOKau;11H, ITOTOM B03Hl1KaIOT 

Tpern;l1Hbl H B HTOre KOAAeKTOp Haq11HaeT pa3pymaTbC51. 

Ha ypoBHe xopomero AeTeKTl1Ba 060 BCeM 3TOM paccKa3aHo 

B rrpeKpacHOH KHHre «TerrAOcpH3HqecKHe rrpou;ecCbl 113AeKTpOBa

KYYMHhle rrp116ophI», Harr11caHHOH B. <l>. KoBaAeHKO 11 H3AaHHOH 

B 1975 roAy H3AaTeAhcTBOM «CoBeTcKoe p~HO». MHoro xopom11x 

KHl1r Ha1111caHO 06 3AeKTpOBaKYYMHhIX rrpH6opax, MHOro xopo

illHX KHHr HairncaHo o TerrAocp11311qecK11x rrpou;eccax, HO Ayqme 

3TOH - HeT. KoHeqHo, 3TO - Moe Al1qHoe MHeH11e H 51 ero HHKO

MY He HaB513hIBaIO. MHe HpaB11TC5I, KaK rr11caA B~11M KoBaAeHKO. 

l1 rrycTh Bee Te, KTO AeC51THAeTH51MH pa6oTaA B o6AacTH 3Bfl CBl.J, 

HO KOro 51 He Ha3BaA B 3TOH KHHre,, He 0611JKaIOTC5I. Bo-rrepBbIX, 

AA5I Toro, qT06hI Harr11caTb xopoIIIyIO KHHry, HeAOCTaToqHo 6hITb 

rrpeKpacHhIM crreu;11aA11cToM, 11 AaJKe, HaBepHoe, He o6513aTeAh

HO HM 6hITh. H~o YMeTh H3AOJKHTh 51CHO, AOCTYIIHO, HHTepecHo, 

B o6rn;eM - YBAeKaTeAhHO. HyJKHO 11MeTh cBo:H B3rA51A Ha M11p 
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rnasa 3. 311eKTpOHHb1tlt npM6otlt 

H Ha 3BTI Cff4. HCi,Ao, HaKOHeu;, rrpocTo 3axoTeTb HarrttcaTb KHH

ry! 11 ern;e Hil,AO :no CAeAaTb. TaK )Ke, KaK H AI06yro pa6ory -

Hil,AO 3axoTeTh CAeAaTh H Hil,AO CAeAaTh. TaK )Ke, KaK H OKHa MH 
BhIBOAa 3Heprmf l'.13 3BTI CBLI. 

Mbl OCTaHOBl'.IJ\.l'.ICh Ha TOM, qTo OKHa rreperpeBaIOTC51 l'.I pa3-

PYIIIalOTC51 H3-3a rrorAorn;eHl'.151 B HHX 3HeprttH 3.1\.eKTpoMarHHTHOH 

BOAHhI. Ka3aAOCb 6b1, C03AaHtteM AH3AeKTpHKOB c oqeHb MaAoH: 

rrpoBOAHMOCThIO 3JY 3Cl,Aaqy MO)KHO peIIIHTb. Ho APaKoH OKa3aAC51 

MHororAaBhIH. 3AeKTpoH, yAap5151Ch o AI06oH: MaTepttaA, BhI6HBaeT 

l'.13 Hero BTOpttqHbie 3AeKTpOHhI. Hy H qTo? TiycTb Aa)Ke IIIaAhHOH 

3AeKTpoH yAapttACH B KepaMttqecKoe oKHO BbIBOAa 3Heprtttt -

tty, BhI6heT OH CKOJ\.bKO-TO BTOpllqHhlX, HY l'.I pa3AeT51TC51 OHl'.I KyAa 

rrorraAo, H Bee. YBbI, He Bee. Bo-rrepBhIX, BhI6heT OH BTopttqHbIX 

AOBOJ\.bHO MHoro - HecKOJ\.bKO IIITYK. Bo-BTOphIX, pa3 OKHO 3TO 

MH BhIBOAa 3HeprHH, TO 3Haql'.IT BOKpyr Hero l'.I B HeM caMOM Bce

rAa eCTb Cl'.IJ\.bHOe 3.1\.eKTpOMarHHTHOe IIOAe. TioAe, 3aMeTbTe ce6e, 

rrepeMeHHOe. BTopttqHhie 31\.eKTPOHhI ycKop51TC51 3THM rroAeM, Ha-

6epYTC51 OT Hero 3HeprHH, Bpe)KYTC51 B KepaMHKy, BhI6hIOT l'.13 Hee 

ern;e 60.1\.bIIIe BTop11qHbIX 3AeKTpOHOB, oHH orrHTb ycKop51TC51 rro

AeM l'.I IIOIIIAO-IIOeXaAO. 3AeKTpOHHa51 AaBHHa HapacTaeT, 3Heprl'.151 

OTHHMaeTC51 OT 3AeKTpOMarHHTHOH BOJ\.Hhl l'.I HAeT Ha HarpeB OK

Ha. TaKoro l'.13AeBaTeJ\.bCTBa - a OHO Ha3bIBaeTC51 BhICOKoqacTOT

HhIH BTOpllqH0-3.1\.eKTpOHHbIH pa3p51A - He BhIAep)KHBaeT caMa51 

BhICOKOTeMrrepaTYPHa51 KepaMHKa. MHoro CHA l'.I BpeMeHH 6bIAO 

IIOTpaqeHO Ha IIOHCK MaTepttaAOB l'.I KOHCTPYKD;lll'.I OKOH, AOIIyc

KaIOrn;Hx BbIBOA 60.1\.bllll'.IX MOrn;HOCTeH:. 

B OAHOM l'.13 paHHHX BapttaHTOB PYKOIIHCH 3TOH KHHrH AaH

HhIH rraparpacp Ha3hIBaAC51 «peKOPA MOrn;HOCTl'.I l'.I rroqeMy OH 

AO cttx rrop He rro6HT». PeKOPA Morn;HOCTH KJ\.l'.ICTpoHa 6hIA TO

rAa paBeH 30 MBT (HMIIYAhCHa51 Morn;HocTh, rrptt AJ\.l'.IHe HMIIYJ\.bca 

HeCKOJ\.bKO MKc). AocTttrHYTo 3TO 3HaqeHtte Morn;HoCTH 6b1Ao OA

HOBpeMeHHO B ClllA H CCCP. TipoAep)KaAC51 3TOT peKOPA OKO

AO 20 AeT. Ho Ha3BaHtte rraparpacpa rrpHIIIAOCh Bee )Ke HCKaTh 

Apyroe. B 1983 roAy B CT3HcpOpACKOM yttHBepcttTeTe 6bIA pa3-

pa6oTaH KJ\.l'.ICTpoH MOrn;HoCThIO 50 MBT, a ern;e qepe3 2 roAa, 

TaM )Ke, aMepttKaHCKHe H 51IIOHCKHe crreu;ttaJ\.l'.lcThI CAeAa.l\.l'.I KJ\.l'.1-
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7. 0CT8J70Cb TOflbKO C/l,ef18Tb 

CTpOH MOIIl;HOCTblO He MHOfO HH MaAO 150 MBT. 3a6aBHO, qTo 

HMeHHO TaM, rAe AaBHhIM-AaBHO, 6paTb.H BapHaH ... 

KpoMe Bcero rrpoqero, oKa3aAC.H BaJKHhIM Bh16op aHTM3MMC

CHOHHOro IIOKpbITH.H Al\Jf. OKHa BhlBOAa 3HeprHM. HM B OAHOM BH

Ae crropTa peKOPAhl He 6hIOTC.H TaKHM crroco6oM - ITOCAe 20 AeT 

rrpeBhIIIIeHHe cKaqKoM B 1, 7, a rroToM ern;e B TPM pa3a. BrrpoqeM, 

TaKoe H B TeXHHKe 6hlBaeT He qacTO. 

OTcTynneHMe 3 - o npMKlltO'leHMSIX 

Ha nyYM K peKOPAY 

Ha nyrtt K peKOPAHOH Morn;HoCTH BCTpeqaIOTC.H rrpen.HTCTBH.H. 

EcTecTBeHHO, HHaqe rryrh 6hIA 6hl rrpo:HAeH cpa3y M o HeM HM

KTO 6hl He CKa3aA «IIyTb». Ilpen.HTCTBH.H 3TH rrpo.HBA.HIOTC.H rro

pa3HOMY AAff. rrpM6opoB pa3HhIX KAaccoB. B HTore CKAaAhIBa

eTc.H cttryau;tt.H, KOrAa AAff. rrpM6opoB KaJKAOro KAacca HMeeT

C.H CBO.H 3aBHCMMOCTb MaKCHMaAbHOH AOCTlifHyrOH MOIIl;HOCTH 

(B CTall;MOHapHOM peJKMMe) OT qacTOThl. 3TM 3aBMCMMOCTli rro

Ka3aHbl Ha pHc. 26. BHAHO, qTo B pa3HbIX AHarra3oHax qacToT 

peKOPAHbie MOIIl;HOCTli AOCTHfHyTbl Ha rrpH6opax pa3HhlX KAac

COB, qTO noAynpoBOAHHKOBbie rrpM60pbI ycTynaIOT 3AeKTpoBaKy

YMHhlM no MOIIl;HOCTH Ha 3-4 nop.HAKa. IlocKOAhKY B MMIIyAhc

HhIX peJKHMax MOIIl;HOCTb 3BIT cyrn;ecTBeHHO 60AbIIIe (Ha 1,5-2 
rrop.HAKa), qeM B CTau;MoHapHhlX, a Al\Jf. ITOAynpOBOAHMKOBbIX 3Ta 

pa3HMu;a cyrn;ecTBeHHO MeHbIIIe, TO B HMITYAhCHhIX peJKMMax rrpe

HMyrn;ecTBo 3BIT BhirA.HAHT ern;e 6oAee yrpoJKaIOrn;e. 

fAaAKO 6bIAO Ha 6YMare, Ho 3a6b1AH npo oBparH ... PaccMOT

pHM ABa THITa OBparoB (H3 BeAHKOfO HX MHOJKeCTBa), BbI6paB Te, 

KOTOpbie BCTpeqaIOTC.H He B OAHOM, a BO Bcex THrrax 3BIT CB"4. 
IlepBa.H CAOJKHOCTb B03HMKaeT IIOTOMy, qTo B AI060M 3BIT 

eCTb 3AeKTµOHHbIH rryqoK, KOTOpbIH IIOIIaAaeT Ha KOAAeKTOp H TOp

M03MTC.H Ha HeM, OTAaBa.H CBOIO KMHeTHqeCKJIO 3HeprHIO MOHHOH 

peIIIeTKe MeTaAAa - TO ecTh HarpeBa.H ee. HarpeThIH MeTaAA lic

rrap.HeTc.H, 3arp.H3H.H.H nptt6op, oTpaBA.H.H KaTOA M HapYIIIa.H M30A.H

u;MIO nyreM o6pa3oBaHM.H ITAeHOK Ha HMX. OH pacIIIHp.HeTc.H rrpM 

KaJKAOM HarpeBe li CJKHMa.eTC.H rrpM KaJKAOM OXAaJKAeHHM, a B MTO

re TpecKaeTC.H, T-pern;HHbI nperpaJKAaIOT rryrh TeITAy, yxoA51rn;eMy 
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rnasa 3. 3neKTpOHHbti1 npu6oi1 

MoIUHOCTb 
MoIUHOCTb 

10 100 500 Ghz 

10 100 'lac= tJacTOTa 

PHc. 26. Cssi3b MaKCHMallbHblX MOLl.IHOcrn ·H YaCTOTbl AJ111 npH6opos 

pa311HYHb1x rnnos (c11esa - 1984 roA) 

BrAy6b 3AeKTPOAa, HarpeB HapaCTaeT M - CM. BbIIIIe. AAfI YMeHb

IIIeHMH JfCIIapeHMH AOI'Jf'IHO 6hIAO 6bI IIOKpbITb MeAHhlll (xopOIIIO 

rrpOBOA51IIJ;Jfll TeIIAO) 3AeKTPOA BOAbcppaMOM MAM MOAM6AeHOM, 

MeTaAAaMM, KOTOphie MaAO Mcrrap51IOTC51. TaK If AeAaIOT, HO pa3-

HMu;a B TepMMqecKMX paCIIIMpeHMHX 3TMX MeTaAAOB If MeAM IIO

POJKAaeT rrpo6AeMy OTCAOeHMH IIOKphITMH IIpM MHOI'OKpaTHbIX Ha

rpeBaX-OXAaJKAeHMHX. ApyraH rrpo6AeMa - BhICOKoe corrpoTMB

AeHMe BOAhcppaMa M MOAM6AeHa, YBeAMqMBaIOrn;ee rrorAorn;eHMe 

B HMX CB"lf-Morn;HocTM. B TeXHMKe rrpeOAOAeHMe OAHOH rrpo6Ae

MbI BcerAa rropoJKAaeT APYI'YIO M xopoIIIo, ecAM OAHy. KaK roBo

pMA MOH yqMTeAh P. C. fYTep <OKM3Hh 6e3 KOMrrpoMMCCoB HeBo3-

MO:>KHa, oco6eHHO ceMeH:Ham>. CrrpaBeAAlfBOCTM PMM OTMeTMM, 

qTO 0 pa3YMHOCTM KOMIIpOMMCCOB qacTO I'OBOpHT AIOAM, KOTOpbie 

B peaAbHoH: :>KM3HM MAYT Ha HMX pe:>Ke «6ecKoMrrpoMMccHbIX 6op

u;oB» 3a qTO-TO TaM. 
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7. 0CTaJIOCb TOJlbKO CAeJ18Tb 

HarpeB MeTa.J\Aa 3AeKTpOHHhIM rryqKoM paeTeT, eeJw: MeTaAA 

rnepoXOBdThIH. EyropKH HarpeBaIOTeH eHAbHee H IIOHeMHory He

rrap5IIOTe5I. MeTa.J\A, TaK eKa3aTh, rroJw:pyeTeH 3AeKTpOHHhIM nyq

KOM. CaMO ITO ee6e 3TO xoporno, HO TOAhKO Bee HerrapHBrneeeH 

OIIHTh )Ke IIOII(lAaeT B rrpH6op. 3Aeeh KOMMeHTapHH oqeBHAHhl -

He HY)KHO eTaBHTh B rrpH6op rnepoxoBaThie rrosepxHoeTH. Bee 

AOA)KHO 6AeeTeTh ... 

BTopoe 5IBAeHHe, MeillaIOrn;ee IIOA)T'IdTh BhieOKHe MOIIJ;HOeTH 

CBY, HMeeT B CBoeM: oeHoBe TO, qTo 3BCT CBY 3TO rrpn6oph1 sa

KYYMHhie, a 3AeKTpoMarHHTHhie BOAHhI CBY ttyJKHhI HaM Ha B03-

Ayxe. KaK BhlBeeTH ux H3 BdKYYMa? KoHeqHo, qepe3 AH3AeKTpH

qeeKYIO eTeHKY H.llli, KdK rrpHHHTO roBOpHTh, «BdKYYMHOe OKHO». 

AeAaeTCH 3TO OKHO qarn;e Beero H3 KepaMH:KH (cpoTo 14), peJKe 

113 eTeKl\_a, KOrAa-TO 11errOAh30BaAH eAIOAY (cpOTO 13). vfasecTeH 

eAyqaM:, KOrAa 6hIAa IIpH:MeHeHa IIOJw:MepHaH (MattAapoBaH) IIAeH

Ka, HO B 3TOM eAyqae TPYAHee IIOA)T'IHTh BhieOKHH BaKYYM. Ke

paM11Ka, KaK rrpaBHAO, 3Ta eOAep)KHT B oeHOBHOM OKHeAbI Al, Be 

11 B MeHhilleM KoJw:qeeTBe APyrHX 3AeMeHTOB II H III rpyrrrrh1. BaJK

HO TO, qTo y 3THX OI<HeAOB BhieOKHH K03cpcpm:i;11eHT BTOpHqHOH 

3MH:eeHH. 

<boTo 14. KepaMw·1ecK1-1e BblBOAbl sHeprn1-1 3Bn CB'"l 
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rnasa 3. 3neKTpOHHbli1 np116oi1 

AaAbrne rrpowcxoAifT cAeAyrorn;ee. CAyqai1HhIH 3AeKTpoH (irnor

Aa rrpocTo 3MHTTHpoBaHHhIH 6AH3Ae)Karn;ttM 31\.eKTPOAOM) rrorra

AaeT B 30HY MOUJ;HOfO IIONI B6AH3lf OKHa. YcKOpHBIIIlfCh IIOJ\.eM, 

OH yAapHeTcH o KepaMHKY H BhI6HBaeT H3 Hee HeCKOJ\.hKO BTo

pwrnhIX 31\.eKTPOHOB. 3TH BTOpH'IHble TaK)Ke ycKOp5IIOTC5l IIOJ\.eM, 

yAapHIOTCH o KepaMHKy. 3AeCh Ba)KHO TO, qTo 3TH 3AeKTpOHhI 

oT6wpaIOT 3HeprHIO y CBl.J-KoAe6aHHH H TpaTHT ee Ha HarpeB Ke

paMHKH. CHTYau;wH pa3BHBaeTc5l AaBHHHO H KowrneTc5l TeM, qTo 

KepaMHKa rrorrpocTY rrporrAaBMeTc5l. nocAe qero oHa, KOHeqHo, 

OTAeNITh BaKyyM OT aTMoccpephI rrepecTaeT. AM 6opb6h1 c 3THM 

HBAeHHeM HaAO YMeHhIIIHTh K03cpcpwu;weHT BTOpHqHoH 3MHCCHH 

KepaMHKH. I1Ae5l caMa ITO ce6e He HOBa5l, ern;e B caMOM Haqa

Ae 70-x fOAOB rrpeAIIPHHlfMaJ\.HCh IIOIIhlTKH HaXO)KAeHH5l IIOKpbI

THH, KOTOphie CHlf)KaJ\.lf 6bI BTOpHqHyro 3Ml1CCHIO KepaMHKH 6e3 

yxyAIIIeHH5l Bcex OCTaJ\.hHhIX ee CBOHCTB. HarrpHMep, He IIOMerna

eT J\.l1 IIOKpbITlfe rrpOXO)KAeHHIO 31\.eKTpOMarHHTHOH BOJ\.Hhl, reHe

pwpyeMOH 3Bn. 0Ka3aAOCh, qTo TOHKa5l MeTaAJ\.HqecKa5l IIJ\.eHKa 

(TOArn;HHOH MeHee 0, 1 MKM) rrporrycKaeT CBl.J-BoAHy (3Ta TeMa 

oco6eHHO 6AH3Ka MHe, tt6o MOH caMa5l rrepBaH pa6oTa 6hIAa BhI

rroAHeHa l1 COOTBeTCTBeHHO, rrepBa5l CTaTh5l HaIIHCaHa HMeHHO 

no 3TOH TeMe). B XOAe AaJ\.hHeHIIIHX wccAeAOBaHHH qeAoseqecTBO 

o6Hapy)KHAO, qTo HattAyqrnttM rroKphITHeM AJ\.5l CBl.J-oKOH 5IBNI

eTc5l CJ\.OH HeHTPHAa THTaHa (TiN) TOArn;HHOH MeHee 0,01 MKM 

(HM )Ke IIOKphIBaIOT MeTaAJ\.HqecKHe KOpOHKH AJ\.5l 3y60B l1 Kyrro

Aa HeKOTOpbIX xpaMOB - qT06bI Clf5IJ\.O II05Ipqe). I1 TOrAa rrpo

l130IIIJ\.O qyAo - MOUJ;HOCTh rrpw6opoB YAaAOCh YBeAHqlfTh cpa3y 

B HecKOJ\.hKO pa3 AO 150 MBT (s TeqeHHe HMrryJ\.hca AJ\.HTeJ\.hHO

CThIO OKOJ\.O 1 MKC). 



lnaaa 4 

,D,nHHH8R AOpora OT BXOA8 K Bb/XOAY 

Brro.i\He B03MO)KH0, qTo H306peTaTe./\.b AaMIIhI 6eryw,e:H BOA

HbI P. KoMmpHep IIPHAYMaA ee B 1944 roAy, nOAHHMaHCh no KaKOH

HH6yAh AeCTHmJ;e. Oco6eHHO YA06Ho 3TO 6bIAO 6hI eMy CAeAaTh, 

ecAH B cepeAHHe MeMeHHO ABHraACH AHQJT. I1 qeAOBeK, 6hICTpo 

IIOAHHMaBllIHHCH no AeCTHHI.J;e MOr 3ar.l\.HAhIBaTb B Ka6Htty. HAR, 

CKa)KeM, qYTb-qYTh OT Hee OTCTaBaTb. 

KoHe'lHO, BoccTaHoBHTh, KaK 6hIAO CAeAaHo H3o6peTeHne, 

TPYAHO. Mo)KHO HHOrAa BhIHBHTh XOA paccy~eHHH H3o6peTa

TeM, HO ABH)KeHHe orn;yiu;eHHH, rrpeAqYBCTBHH, HHTYHI.J;HH? Tex

HnqecKHH AeTeKTHB qeM-TO, IIO-BHAHMOMy, CHJ\.hHO OTAHqaeTCH 

OT npocTo AeTeKTHBa, n6o xopollIHX AeTeKTHBOB MHoro, a xopo

llIHX TeXHHqecKHX AeTeKTHBOB rroqTH HeT. I1 3TO HeCMOTpH Ha TO, 

qTo AeTeKTHBhI nHllIYT o6hJqHo AfOAH, npocpeccnoHa./\.bHO y6n:H

CTBaMH, rpa6e)KaMH H OTpaBAeHHHMH He 3aHHMaBllIHeCH (pa3Be 

qTo AHTepaTYPHhIMH!), a 3a TeXHHqecKHH AeTeKTHB MOrAH 6hl 

B3HThCH J\lOAH, 3HaIOrn;He Bee 3To «CBOHMH PYKaMH». 

HeYToAeHHoe )KeAaHHe «AeAaTh HaYKy» H TeXHHKY MO)KeT 

cy6AHMHpoBaThCH B )KeAaHHe YBAeKaTeAhHO paccKa3aTh 06 3TOM. 

XopollIHe KHHrH H xopollIHe AeKI.J;HH HY)KHhI AfOA5JM, OTCIOAa BhI

BOA - HeKOTOpOMY KOAHqecTBY J\lOAeH tty)KHO MelllaTb pa6oTaTb. 

0HH H 6YAYT rrHcaTh KHHrH H YlJHTh APyrHx. 

I1TaK, rrpeACTaBhTe ce6e, qTo AHQJT ABH)KeTCH B HaqaAe AeCT

HHI.J;hI ~b 6bICTpee H H3 Hero IIOATaAKHBaIOT 6eryw,ero no BHH

TOBOH AecTHHu;e qeAoBeKa - 6hrcTpee, 6hICTpee! CorAaCHO 3-My 

3aKoHy HhIOTOHa, Ha AHQJT 6yAeT AeifcTBoBaTh CHAa, HanpasAeH

HaH npOTHB ABH)K€HHH, OH 6yAeT TOpM03HThCH H OTAaBaTb CBOIO 
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3Heprmo qeAOBeKy, 6erym;eMy ITO AeCTHHIJ;e. B HTOre HX CKopo

CTH ypaBmIIOTC51 (K 3TOMY MOMeHTY aHaAOrH51 y)Ke He pa6oTaeT -

OT HerrpepbIBHhIX KpHKOB «6hICTpee» qeAOBeK yrraAeT; HO C03Ha

HHe H3o6peTaTeAH, 3axBaqeHHoe aHaAortteH:, y)Ke He 3aMeqaeT 

HeCOOTBeTCTBHH). 

He o6BHBaHC51 AeCTHHIJ;a BOKpyr rnaXThl Amina, HHqero 6bI 

He ITOAyqHAOCh - qeAOBeK ABH)KeTC51 ITO ITp51MOH AeCTHHIJ;e 6bICT

pee AHqna. A ecAH oHa o6BHBaeTC51, AAH:Ha ee - coo6pa3HTe ca

MH, BO CKOAhKO pa3 -YBeAHqHBaeTC51. l1 MO)KHO ITOA06paTh yroA 

HaKAOHa BHTKOB AeCTHHIJ;hl-CIIHpaAH H CKOpOCTh 3AeKTpOHOB

AHcpTa TaK, qTo6hI 3AeKTpOMarHHTHa51 BOAHa, 6erym;a51 ITO CITH

paAH, HMeAa ITOqTH TY )Ke CKOpOCTh ... HO Mhl 3a6e)KaAH qYTh 

BIIepeA. 

l1TaK, BepHeMC51 OT CTpOHTeAhCTBa K 3AeKTpOHHKe. 1.JeM BhI

IIIe qacTOTa, TeM 6AH:)Ke K ITOBepxHOCTH MeTaAAa cocpeAOTaqHBa

eTC51 TOK. 3To 51BAeHHe Ha3hIBaeTC51 CKHH-3cpcpeKT (aHrA. skin -
KO)Ka). Ha qacToTax CB1.J-AHaITa3oHa TOAI.I.J;HHa CKHH-CAOH eAH

HHIJ;hI MHKpOH. KaK B Mope - 3AeKTpOHHhle BOAHhl eCTh TOAh

KO Ha IIOBepXHOCTH, a B rAy6HHe pbI6hI IIITOpMa He 3aMeqaIOT. 

TaK )Ke, ITPH)KHMaHch K rrpoBoAy, pacrrpocTpaH51eTC51 BAOAh Hero 

H 3AeKTpOMarHHTHa51 BOAHa, OTAaA5151Ch OT IIOBepXHOCTH He Aa

Aee, qeM Ha paccTOHHHe rropHAKa AAH:HhI BOAHhI. Ho 6e)KHT 3Ta 

BOAHa «ITO H OKOAO» ITpOBOAHHKa 6bICTpo, ee CKOpOCTh cpaBHH

Ma co CKOpOCThl-0 CBeTa. l1 XOT51 pa30rHaTh AO TaKOH CKOpOCTH 

3AeKTpOHhl MO)KHO, HO AA5I 3TOro HY)KHhl HaITp51)KeHH51 B COTHH 

KHAOBOAhT, a 3TO HeyA06HO. Ho HHqero - Mhl y)Ke 3HaeM, KaK 

«3aMeAAH:Th» BOAHY - HCIAO 3acTaBHTh ee 6eraTh no CITHpaAH, 

ITO «AeCTHHIJ;e». l1TaK, B03hMeM ITpOBOAOKy, CBepHeM ee B CIIH

paAb H 3arrycTHM B OAHH ee KOHeIJ; 3AeKTpOMarHHTHYIO BOAHy. 

Do OCH )Ke IIpOITYCTHM 3AeKTpOHHhIH rryqoK Fl HaqHeM BaphHpO

BaTh 3HeprHIO (CKOpOCTh) 3AeKTpOHOB. HC!AO ITOAaraTh, qTo KOrAa 

3HeprmI 3AeKTpOHOB 6yAeT TaKa51, qTO CKOpOCTh HX CTaHeT qYTh 

60Abllie CKOpOCTH BOAHhl («oceBOH» CKOpOCTH!), TO HaqHeTC51 «IIe

peKaqKa» 3HeprHH OT 3AeKTPOHOB K BOAHe H c BhlXOAHOro KOHIJ;a 

CITHpaAH MhI ITOAyqHM 6oAee MOIIJ;HYIO BOAHY H XHAhie - c YMeHh

rneHHOH 3HeprtteH: - 3AeKTpOHhl. 
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2. TaHL1yeM OT ne'IKM, TO ecTb OT KflMCTpoHa 

Ka.I< 3TO Bee rrpoeTo Ha 6y-Mare! Oeo6eHHO «Ha rraA.hu;ax» ... 

AAfl.HHOXBOeThIMM MHTerpaAaMM, B3BOAROBaHHO llOBeeTBYJOiu;M

MM o HeAerKoli eyAh6e 3AeKTpOHOB M BOAR B J\EB, 3a110AHeHhI 

TOMa. I1 B 3TOM eMbieAe - B eMhieAe MHTerpaAOB - 11epBhIM 

M3o6peTaTeJ\5!M 6hIAO Aertie. OHM MHTerpaAoB He llMeaAH. CeH:qae 

TeXHMKa yrnAa B eMbieAe HaebIIu;eHHOeTM cpM3MKOR TaK AaAeKO, 

a cpM3MKa yrnAa TaK AaAeKO B eMhieAe HaehIIu;eHHOeTM MaTeMaTM

KOH, 'ITO tieAoBetieeTBO eTpeMMTeAhHO pae11MaeTe5I Ha ABa llOA

BMAa - AIOAeli 3Haroiu;Mx M AIOAeli AeAaIOiu;MX, B11potieM, HaYlJHhie 

cpaHTaeThI 11MeaAH 06 3TOM eiu;e Aee51TKM AeT Ha3M. EAMHeTBeH

HhIH llYTh 6opb6h1 e 3TOH He6MOAOrMtieeKoH: 3BOAIOIJ;MeH: - 3HaTh 

MaTeMaTMKY - 513hIK cpM3MKM M 3HaTb cpM3MKY - 513hIK TeXHMKM. 

TorAa BhI 6yAeTe AeAaTh, 3Ha51. 

ITpaBAa, MaTeMaTMKa M cpM3MKa 11peKpaeHhI M eaMM 110 ce6e. 

T51ra K 3HaHMIO YBeJ\.HtIMBaAa BhDKMBaeMoeTh HaIUHX TOAhKO 'ITO 

e.l\.e3IUMX e AepeBheB 11peAKOB; Te6e, 'lMTaTeAh, OHa AOeTaAaeh 

no HaeJ\.eAeTBy. 

PeaAhHa51 eMryau;M5I B J\EB, KOHetIHO, eJ\.O)KHee. 0Ka3hrna

eTe51, B e11MpaAH, a TO'!Hee B «ellMpaA.bHOH 3aMeAJ\51IOiu;eM: eM

eTeMe» MOI'JT pae11poeTpaH51The51 He OAHa, a HeeKOAhKO BOAR. 

Ho He Bee OHM ABMraroTC51 'IYTh MeAJ\.eHHee 11yqKa, He Bee OHM 

yeMJ\.HBaIOTe51 ... Ho 06 3TOM y)Ke «Ha 11aAbu;ax» paccKa3aTh HeAh-

351. A o TOM, o tieM MO)KHO paccKa3aTh 11pocTo, YA06Hee paccKa-

3hIBaTh, 011Mpa51eh Ha TO, 'ITO Mhl y)Ke 3HaeM. 

2. TaHu.yeM OT ne'IKM, TO eCTb OT KJlMCTpOHa 

B KOHu;e KOHIJ;OB, OH 6hIJ\. M306peTeH paHbIUe, Aa M «MAeOJ\.O

rM51» ero 11poiu;e. TaK BOT B J\EB, KaK M B KJ\.HeTpoHe, llpOMCXOAMT 

11peo6pa3oBaHMe MOAYMIJ;MM 110 eKopocTM B MOAYMIJ;MIO 110 IIJ\.OT

HOCTM. TOAhKO HaIIp51)KeHHOCTh IIOJ\51 y CIIMpaJ\.H MeHbIUe, 'leM 

B pe3oHaTope (B pe3oHaTope ecTh pe3oHaHc!). ITo3TOMY HY)K~H 

6oAhIUOM: llYTh, M 31\.eKTpoHaM M BOARe HMO 11poliTM MHoro BMT

KOB CllMpaAH, 'IT06hI B03HMKJ\.a 3aMeTHa51 MOAYJ\5!IJ;M51, a IIOTOM, 

rro Mepe rrpeo6pa3oBaHM51 MOAYMIJ;MM, BOARa HatIMHaeT yeMJ\.H

BaThe51, OT6Mpa51 3HeprMIO OT co6MpaIOiu;MXC51 B crycTKM 31\.eKTpo

HOB (pMe. 27). Co6MpaIOTC51 31\.eKTPOHhI B Te MeCTa BOARhI, rAe 
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rnasa 4. ,il,nl1HH8fl /1.0pora OT BX0/1.8 K Bb/X0/1.Y 
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PMC. 27. n6B 

1101\.e Mem1eT 3HaK - C3(1AH OHO ycKOpHIOm;ee, c11epeAH TOpM0-

351m;ee - KaK J\.IOAH 11epeA BXOAOM B MeTpo B qac 11HK. CTpHHIJ;H11, 

KaK rOBOpHTC.H, HCeH. Te11eph 110CMOTpHM 110Ap06Hee Ha TO, qTo 

06'heAHH.HeT H qTo OTJ\.HqaeT J\EB M KJ\.HCTpOH. CTepBoe H Ba)KHeH

rnee OTJ\.Hqlfe - y KJ\.HCTpOHa pe30HaTOphI, y J\EB - C11HpaAb, 

Hepe3oHaHcHaH 3aMeAJ\.51rom;aH cHcTeMa. CTo3TOMY KAHCTpOH -

11pH6op y3KOl10AOCHhIH, a J\EB - rnHpoK0110AocHhIH. BhI 110MHH

Te, KaK Ba)KHO 3TO CBOHCTBO AJ\.51 CHCTeM 11epeAaqH HHcpopMaIJ;HH. 

CTpaBAa, 3aMeAJ\.51IOII\a.H CHCTeMa MO)KeT 6hITh He TOJ\.hKO C11HpaAb

Ha.H - .HCHO, qTQ ecl\.H Mhl 110CTaBHM BAOJ\.h 31\.eKTpOHHOro 11yqKa 

11pOCTO pe3oHaTOphI H HaAJ\.e)Kam;HM o6pa30M B036YAHM B HHX 

KOAe6aHH51, TO TaKa.H J\EB TO)Ke 6yAeT pa60TaTh. HaAAe)Kam;HM 

o6pa30M - 3TO TaK, qTo6hI pa3HOCTh cpa3 Me~y KOAe6aHH51MH 

B COCeAHHX pe30HaTopax 6hIJ\.a TaKOH, qT06hI 110AJ\.eTaIOm;He 31\.eK

TpOHhl BCTpeqaAH BOAHY B HY)KHOH cpa3e. TaKHe 3aMeAJ\.51IOII\He 

CHCTeMhl Ha3blBaIOTC51 «CHCTeMhl co CBH3aHHhIMH pe3oHaTopa

MH». CB.H3h - 3TO KaK pa3 TO, qTo HY)KHO AJ\.51 opraHH3aIJ;HH 

«tty)KHhIX cpa3». Te11eph Ha 11.HTh cppa3 OTBJ\.eqeMc.H OT J\EB. 

5lcHO, qTO MO)KHO B351Th OAMH KOHeu; OT OAHOrO 11pH6opa, 

a Apyro:H - OT Apyroro. EcAH C03AaBaTh MCXOAHYIO MOAYMIJ;HIO 

KaK B J\EB, 110TOM AaBaTh 31\.eKTpOHaM IIOApe:HcpoBaTh, a CHH

MaTh CHrHaA c 11yqKa pe30HaTOpOM, KaK B KJ\.HCTpoHe, 110AyqHTC51 

OAMH rn6pHAHhIH 11pH6op. EcAH )Ke c03AaBaTh MCXOAHYIO MOAY

MIJ;HIO, KaK B KJ\.HCTpoHe, a CHHMaTh CMrHaA c 11yqKa, KaK B J\EB, 

110AyqMTC51 Apyro:H rn6pHAHhIH 11pn6op. 3TOT 11pn6op coqeTaeT 

(B HeKOTOpo:H Mepe) CMJ\.hHhie CTOpOHhl J\EB H KJ\.HCTpOHa H Ha-

3hIBaeTC51 «TBHCTpOH». CT03)Ke MhI 6oAee 110Ap06Ho 11oroBopHM 

0 rH6PHAHhIX 11pn6opax, a Te11epb BepHeMC.H K co6cTBeHHO J\EB. 
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2. TaHu,yeM OT ne'IKM, TO eCTb OT KJ7MCTpOH8 

Mbr MO)KeM rrpoBeCTH rpaHm.i;y Me)KAY 3aMeAAf!IOII.J;HMH cH

cTeMaMH Ha CB.sI3aHHbIX pe30HaTopax H MHOrope30HaTOpHblMH 

KAHCTpOHaMH HMeHHO 3AeCh - B KAHCTpOHe pe30HaTOpbl CB.sI-

3aHhl TOJ\bKO 3.1\.eKTpOHHbIM II)"IKOM, B A.EB ern;e H 3.1\.eKTpOMar

HHTHOll BO.l\.HOll. 3Ta CBH3b HMeeT Ba)KHOe CAeACTBHe - B A.EB 

3.1\.eKTpoMarHHTHa.si: BO.l\.Ha MO)KeT 6eraTb H TYAa H o6paTHO. Ko

HeqHo «ryAa» ee YCH.l\.HBaeT 3.1\.eKTpOHHblll IIOTOK, a o6paTHO OHa 

TOJ\bKO 3aTYXaeT, HO ec.l\.H ycHAeHHe OKa)KeTC.sI 601\bIIIe 3aTYXa

HH.sI, AaMrra B036YAHTC.sI, rrpeBpaTHTCH B reHepaTop. feHepaTop 

CB4-KoAe6aHHH TO)Ke Bern;h tty)KHaH, HO TaKoil reHepaTop - 3TO 

II.l\.OXOll reHepaTop, H .l\.)"IIIIe 6bI A.EB-ycHAHTe.l\.IO B reHepaTop 

He rrpeBparn;aThC.sI. AM 3arn;HThI OT B036y)KAeHH.sI B A.EB BBO

AHTC.sI «IIOrAorn;a10rn;a.si: BCTaBKa» - AeTaJ\b H3 Bern;eCTBa, CHJ\bHO 

rrorAorn;a10rn;ero 3.1\.eKT.pOMarHHTHoe H3A)"IeHHe. 0Ha ycTaHaBAH

BaeTc.si: B cepeAHHe A.EB H IIO.l\.HOCTblO rrorAorn;aeT 3.1\.eKTpOMar

HHTHYJO BOAHY (KaK 6eryrn;YJO «ryAa», TaK 6eryrn;YJO «06paTHO» ). 

YcMAeHHe rrpH 3TOM, KOHeqHo, YMeHhIIIaeTc.si:, HO He oqeHh CHJ\b

HO, TaK KaK qepe3 )"IaCTOK c rrorAorn;a10rn;e:H BCTaBKOll 3HeprHIO 

rrpOHOCMT 3.1\.eKTpOHHblll II)"IOK. 3aTO o6paTHa.sI BO.l\.Ha rrorAorn;a

eTC.sI HaqHcTo M B036y)KAaThC.sI TaKa.si: AaMrra He 6yAeT. KoHeq

HO, Ka)KAa.sI H3 IIO.l\.OBMHOK A.EB - 3TO TO)Ke H A.EB H OHa 

TO)Ke MO)KeT B036y)KAaTbC.sI ... 0AHHM CAOBOM, peaJ\bHa.si: CHTY

an;M.si: BcerAa 6yAeT C.l\.O)KHee, CKOJ\bKO HH paccKa3bIBatt. Tio-BH

AMMOMy, TaK y)K ycTpOeHa TipHpOAa. 11 II03TOMY KOMIIbIOTepHbie 

MOAeAH He MOryT IIOAHOn;eHHO 3aMeHHTb HaTYPaJ\bHblll cpH3H

qecKHll 3KCIIepHMeHT - HH B rrpeIIOAaBaHHH, HM B HaCTo.si:rn;e:H 

cpH3HK€. 

11 B 3aKJ\.IOqeHMe 3Toro rraparpacpa B3rMHeM qYTh BHMMa

TeJ\bHee Ha rrorAorn;a10rn;y10 BCTaBKY H crrpocHM - M3 qero ee Ae

AaTh? B AH3AeKTpHK 3.1\.eKTpoMarHHTHa.si: BOAHa rrpOHHKaeT, HO B 

HeM OHa He rrorAorn;aeTCH, a B MeTaMe - rrorAorn;aeTc.si:, HO B Hero 

oHa rroqTH He rrpoHHKaeT. TaK qTo rrorAorn;a10rn;Me BCTaBKH AOA)K

HhI AeAaThC.sI H3 «IIAOXOro rrpoBOAHHKa» - qero-TO TaKoro, BO qTo 

3.1\.eKTpOMarHHTHa.sI BO.l\.Ha rrpOHMKaeT H B qeM OHa rrorAorn;aeTC.sI. 

YacTO BCTaBKH AeAaIOT M3 yrAepoAa, TOqHee - H3 TOHKHX yrAe

POAHhIX rrAeHOK, HaHeceHHhIX Ha AM3AeKTPMK. 
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rnasa 4. /J,nvtHH8R /1,0pOra OT BX0/1,8 K Bb/XOAY 

3. Apx111TeKTypa nse 

3Ta r./\.aBa HaqaAaCh c aHaAOrm:i: MeJKAy AeCTHHn;eH: H Cl1H

paAhHOH 3aMeAAf!IOrn;eH: cHcTeMoH:. CTpaBAa, B apx11TeKTyPe AecT

HHn;a HrpaeT MeHhllIYIO po./\.h, qeM 3aMeAJ\.51IOrn;aH CHCTeMa B J\EB. 
PaHhllle Bcex 6h1Aa 11c110./\.h30BaHa B KaqeCTBe 3aMeAAf!IOrn;eH: CH -

CTeMhI c1111paAh. KOHCTPYKTHBHO rrpocTaH, TexH0Aor11qHaH H II03-

BO./\.HIOrn;aH C03AaBaTh llIHpOKOl10./\.0CHhie J\EB, OHa CTa./\.a CHM

BO./\.OM J\EB. Ho BpeMH lll.1\.0, Tpe6oBaHHH K MOrn;HOCTH H pa6o

qel'l: qacToTe J\EB YBe./\.HqHBaAHCh. 3aMeTHM, qTo c1111paAh TPYAHO 

OXAaJKAaTh - oHa 3aKpe11./\.HeTcH Ha AH3./\.eKTpnqecKHX 011opax, 

a AH3AeKTpHKH 11poBOAHT Te11Ao 11Aoxo. AaAee, rrp11 AJ\.HHe BO./\.HhI 

Kopoqe 5 MM CAeAaTh c11npaAh cTaHOBHTCH TPYAHO. ~ pa6oThI 

B 06./\.aCTH 60./\.hllIRX MOrn;HOCTeH: H Ma./\.hIX AJ\.HH BO./\.H 11pnMeHH

IOTCH Apyr11e 3aMeAJ\.HIOrn;ne c11cTeMb1. Ha p11c. 28 110Ka3aHhI He

CKO./\.hKO TaKHX CRCTeM, COCTOHrn;nx H3 OTAe./\.hHhIX pe30HaTopoB, 

CBH3aHHhIX OTBepcnrnMR, qepe3 KOTOphle 3.1\.eKTpOMarHHTHOe 110-

./\.e 11poH11KaeT H3 OAHOro B ApyroH:. 

P111c. 28. 3aMeAJ15llOW.l-1e c1-1creMbl. CTpenKa - aneKTpOHHb1C1 noTOK. H1-1>K

H5l5l 3aMeAJ15llOW,a5l Cl-lCTeMa Ha3blBaeTC5l n03TW!HO - «KJleBepHblC1 Jll-ICT» 
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4. 1758 ,D.Ofl>KH8 6b1Tb 3KOHOMHOU 

4. nse AOll>KHa 6b1Tb 3KOHOMHOM 

HHKaKOH 3BD CB"lJ He rrpeBparn;aeT 100 % IIOABOAHMOH K He

MY MOrn;HOCTH B MOrn;HOCTb 3.1\.eKTpOMarHHTHOH BO.l\.Hbl Ha BbIXOAe. 

A )Ka.l\.b! I1 oco6eHHO 3Toro )KaAb, KOrAa rrptt6op AOJ\.)KeH AeTaTh, 

HarrpHMep, Ha CrryTHHKe. 3Heprm1, IIOABOAHMruI K ABB, rrpeBpa

rn;aeTC5I B KHHeTUl.J:eCKYJO 3Heprmo 3.1\.eKTpOHOB. 11 BOT OHa Ha

qa.J\.a rrepeAaBaThC5I 3.1\.eKTpOMarHHTHOH BO.l\.He. 3HeprH5I 3.1\.eKTpO

HOB YMeHbIIIaeTC5I, .l\.eT5IT OHM Bee MeMeHHee H, HaKOHeu;, CKOpo

CTH HX ypaBHHBaIOTC5I co CKOpOCTbIO BO.l\.Hbl. IlepeAaqa 3HeprHH 

rrpeKparn;aeTc5I. KaK CAeAaTh, qTo6bI To, qTo y 3AeKTpoHoB ocTa

AOCh, 6hl.l\.0 IIOMeHbIIIe? KaK BbIKaqaTb H3 3.1\.eKTpOHOB rro6o.l\.bIIIe? 

0AHH H3 IIYTeM: - CAeAaTb TaK, qTo6bI cKopocTb BO.l\.HhI YMeHhIIIa

Aacb rrpH ee ABH)KeHHH BAO.l\.b ABB. HarrpHMep, MO)KHO CAeAaTb 

crrttpaAb c rrepeMeHHhlM IIIaroM. TaKHM crroco6oM MO)KHO YMeHh

IIIHTh 3HeprHIO, OCTa10rn;yroc51 y 3.1\.eKTpOHOB. Hy, a c HeH qTo 

AeAaT1>? 

BeAh BC5I 3HeprH5I, c KOTOpoM: 3.1\.eKTpOHbl AOAeTaIOT AO K0.1\.

.1\.eKTOpa, Bo-rrepBhlX, HarpeBaeT ero, rropo~a5I cBoM: Kpyr rrpo-

6AeM (OX.l\.~eHHe, rreperpeB H TaK AaAee), a, BO-BTOpbIX, Te

p5IeTC5I 3p5I. IlocKO.l\.bKY Ha KOMeKTopax ABB 5IHqHHI.l;hI rroKa 

He )Kap5IT (B KOCMHqecKOM Kopa6Ae 5JHqHHD;Y )KapH.l\.H IIOKa TO.l\.b

KO OAHH pa3 - HoH THXHH, repo:M: paccKa3oB CTaHHCAaBa AeMa). 

PeIIIeHHe 3TOH 3~aqH BaM y)Ke H3BecTHO H Ha3hlBaeTc5I OHO -

peKynepau;H5I. Ha KOMeKTop IIOAaeTc5I rroTeHD;HaA HH)Ke, qeM 

0,6U 

~T 
u 

6e3 peKYIIepau,HH 

0,6U 

1
o,4U 

~+J> 
0,2U 

c peKYIIepau,Heii: 

P111c. 29. n11TaHl1e n6B 

91 



rnasa 4. Jl.,n11HH8fl ,ll.Opora OT BXO,ll.8 K Bb/XO/l.Y 

3Ha'leHH51 

CTapaMeTpbl 
6e3 peKynepaQHH c peKynepaQHeli 

CToTeHQHaA c1mpaAH u u 
OTHOCHTeAbHO KaTOAa 

CToTeHQHaA KOAAeKTOpa 

OTHOCHTeAbHO KaTOAa 
u 0,8 u 

ToK Ko.IV\eKTopa I I 

3HeprHR 3AeKTPOHOB 

Ha BhIXOAe H3 CTIHpaAH 
0,6 u 0,6 u 

3HeprH51, OTAaHHa.H BOAHe 0,4 u 0,4 u 
3HeprHR 3AeKTPOHOB 

Ha BXOAe B KO.IV\eKTOp 
0,6 u 0,4 u 

MoIQHOCTh nHTaHHR JU 0,8IU 

MoIQHOCTh, BhIAeARIOIQa.HcR 

Ha KO.IV\eKTOpe 
0,6 u 0,6 u 

KCTA 40% 50% 

y 3aMeAAfIIOll.l;e:H CHCTeMhI If 3AeKTpOHhI, rrpe;KAe tieM IIOI'AOTHTb

C51 MeTaAAOM KOAAeKTopa, «IIOATOpMaJKHBaIOTC.H». PacxoA 3Hep

rHH Ha IIHTaHHe AaMIIhI YMeHhIIIaeTC.H. Ha pttc. 29 rroKa3aHa cxeMa 

IIHTaHH.H 6e3 peKyrrepau;ttH H c Heil. CpaBHHM rrapaMeTphr 3THX 

cxeM (CM. Ta6A. 1). 
B HaIIIeM rrpttMepe pocT KTIA - 10 %. 3To HeMaAo. EhrnaeT, 

'ITO yAaeTc.H IIOAYtIHTh H 6oAbIIIe, B tiaCTHOCTH, ecAH rrpHMeHeH 

MHorocTyrreHtiaThr:H KOAAeKTop. B HeM 6oAee 6hrcTphle 3.1\.eKTpo

HhI AOfa1paroTc.H AO 6oAee rAy6oKttx Y'J:aCTKOB, HaxoA51rn;ttxc.H IIOA 

60.1\.ee HH3KHM OTHOCHTeAbHO IIOTeHu;ttaAaM. Ka;KAbIM 3AeKTpOH 

TOpM03HTC51 B TaKOM KOAAeKTOpe IIO'ITH «AO IIO.l\.HOM OCTaHOBKH». 
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5. 0/1,Ha aonHa cMeHMTb /1,pyry/O cnewur ... 

5. 0AH8 BOnHa CMeHMTb Apyryio cneWMT ... 

A KyAa oHa crreIIIHT? B /\EB, HarrpHMep, oHa MOrAa crreIIIHTh 

B o6e cTopOHhI. ToAbKO B OAHY cTopoHy oHa ycHAHBaAach, IIOAKa

'IIrnaHCb OT rryqKa, a B APYfYIO 6e)KaAa caMa rro ce6e, rroHeMHory 

3aryxaH. 3a C'IeT 3TOH o6paTHOH, OTpa)KeHHOH OT KOH~a 3aMeM51-

1oru;ell: cncTeMbI BOAHbI ABB B036y~aAach, rro3TOMY o6paTHJIO 

BOAHY rroAaBAHAH rrorAor~aIO~ell: BCTaBKoll:. 3aMeTHM Terreph, 'ITO 

reHepaTopbI CBY:-rrpn6opb1 He MeHee HJ)KHbie, 'IeM ycHAHTeAH 

H Aa)Ke 6oAee HJ)KHhie - BeAb 'IT06b1 'ITO-To ycHAHBaTh 3TO '!TO

TO HaAO CHa'IaAa fAe-TO reHepHpoBaTb. Mo)KeT 6hITb, 3a TbICH'IY 

KH:AOMeTpOB, HO HaAO. 

HeAb3H AH CAeAaTb HeKoe IIOA06He ABB, B KOTopoll: 6yAeT 

ycttAHBaThCH o6paTHaH BOAHa? TorAa 3aMhIKaHHe ~errH o6paT

Holl: CBH3H: 6yAeT aBTOMaTH'IeCKHM, Ad)Ke 6e3 yqeTa OTpa)KeHHH 

Ha KOH~ax - B OAHY cTopoHy 3HeprHH 6yAeT rrepeHOCHTbCH 

3AeKTpoHaMH, B o6paTHyio - BOAHoll:. Bo3HHKaTb KOAe6aHHH 6y

AYT OT cAyqa:ll:HbIX cpAJKTYa~Hll:, a IIOMep)KHBaTbCH 3a C'leT B03-

6y~eHHH KOAe6aHH:H B 3.1\.eKTpOHHOM rryqKe ycHAeHHOH BOAHOH 

(B Hd'IaAe rryqKa) H 3d C'IeT B036y~eHH:H BOAHbl TOpM03H~HMCH 

rrpu 3TOM rryqKOM (B KOH~e rryqKa). 3aMeTHM, rrpH MaAOM TOKe 

rryqKa KOAe6aHHH B03HHKaTb He 6YAYT H: TaKOH rrpn6op MO)KHO 

6yAeT H:CIIOAb30BaTh KaK ycHAHTeAb, a B reHepaTOpHOM pe)KHMe 

ero MO)KHO 6yAeT H:CIIOAb30BaTb CH:HXpOHH30BaTb MaAOMO~HbIM 

BbICOKOCTa6H:AbHbIM reHepaTOpOM (puc. 30). 
Bee 3TO otieHb JBAeKaTeAhHo, HerroHHTHO TOAhKO, KaK CAe

AaTh, 'IT06bI 3AeKTpOHbl OTAaBdAH 3HeprHIO BOAHe, cneIIIa~e:H 

HaBcTpeqy K HHM. HaM Ka)KeTCH H He 6e3 rrpH'IHH 'ITO 

P11c. 30. naMna o6parnoi't BOllHbl (nOB) 
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rnasa 4. ,/J,nMHH8fl ,[],Opara OT BXO,D,8 K Bb/XO,D,y 

TOPM035IIUee 

none 

ycKOp5IIOIUee 

crycTKH 

P11tc. 31. BonHa ~ aneKTPOHHble crycTK~ 

Bll,OJib 

JIEB 

:meKTpoHhI 

BOJIHa 

P11tc. 32. 3neKTpOHbl 3amfl,D,b1sa10T s OKHa 

3TO HeB03MOJKHO. 3Ha.H, KaK pa6oTaeT AEB, MhI rrp.HMO BRAHM, 

KaK AeTHT CAeBa HarrpaBO BOAHa I1 3AeKTpOHHbill crycTOK B Me

CTe rrepeXOAa OT ycKop.HIOI~ero IlOA.H K TOpM035II.QeMy (TO'-IKa * 
Ha pHC. 31), KaK OH l.IYTb-l.IYTb o6roH.HeT BOAHy, IIOIIaAa.H B o6AaCTb 

TOpM035II.Qero IIOA.H (pHC. 31) I1 Hal.IHHaeT TOpM03HTbC5I, OTAaBa.H 

CBOJO 3HeprHJO (60Ahllie HeKOMY) BOAHe. EcAH JKe BOAHa 6eJKHT 

HaBcTpeqy 3AeKTpOHaM, 3AeKTp0HbI He 6YAYT OTAaBaTh 3HeprHJO 

BOAHe IlOTOMy, '-ITO OHH He 6YAYT AOArO AeTeTb P.HAOM c HyJKHbIM 

AAA OTAaq11 3HeprHH MeCTOM (TOl.IKa * Ha pHc. 31). A o6.H3aTeAb

HO AH AeTeTh PHAOM c 3THM MecToM AOAro? Co6cTBeHHO, HeT ... 

TipeACTaBbTe ce6e AAA HaqaAa, qTo 3AeKTpOHHblll IIOTOK Ae

THT c OAHOH CTOpOHbI OT MeTaAAHqecKoro 3KpaHa c OKHaMH, a BOA

Ha 6eJKHT c ApyroH: (p11c. 32). TiycTb 3AeKTpOHHhIH crycTOK, rrpoAe-
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5. 0,D.Ha BOnHa CMeHMTb 11.pyry/O cnewMT ... 

Ta5I Ml1MO OKHa, YBl1AeA TaM TOpM035Illl;ee ITOAe, rrp11TOpM0311AC5I, 

OTAaA qacTh 3Hepr1111 11 ITOAeTeA AaAhme. y CAeAyrorn;ero OKHa OH 

OIT5ITh YB11AeA TopM035Irn;ee rroAe 11 orr5ITh rrocTpaAaA. BhI cpa3y >Ke 

Bl1Al1Te, qTO TaKl1M crroco6oM MO>KHO yc11AHBaTh BoAHy, He o6.H3a

TeAbHO 11Me10rn;yro Ty >Ke CKOpOCTh, qTo 11 3AeKTPOHHhlH cryCTOK. 

Ba>KHO AHmh, qTo6hI 3AeKTpOH, rrpo6era.H Ml1MO OKOH, BHAeA B Hl1X 

OAHHaKOBhie cpa3hI KOAe6aH11H:. ITycTh cKopocTh 3AeKTPOHOB Ve, 
BOAHhI Vw, mar OKOH l, AAHHa BOAHhI l (p11c. 32). TorAa 3a BpeM5I 

l /Ve rryTb l MOJKeT rrpo6eJKaTh He OAl1H rrep110A BOAHbl l, a n rrep11-

0AOB, TO eCTh AA.H «rrpaBl1AhHOrO» B3al1MOAe:i1:cTBH5I c BeAHqHHOH 

l/Ve MOJKeTCOBIIaAaTb He TOAhKO l/Vw, a AI06oe (l+nl)/Vw. vfraK, 

ycAOBl1e pa60Tocrroco6HOCTl1 

l l + nl 
----- . 
Ve Vw 

ITpH 3TOM crycTOK 6yAeT B CAeAyrorn;eM OKHe BH:AeTh He TO Me

CTO BOAHhl, c KOTOpbIM B3al1MOAeHCTBOBaA B rrpeAhIAyrn;eM OKHe, 

a Apyroe. Ho qTo c Toro? OH 6yAeT OTAaBaTh 3Hepr1110, a BOAHa 

yc11A11BaThC.H. 

Terrepb CAeAaeM ITOCAeAH11H mar B Hamnx paccy)l(AeHl1RX -

cKa>KeM, qTo n MO>KeT 6bITh H 0Tp11u;aTeAhHO. TorAa 3AeKTpoH 

6yAeT B3al1MOAeHCTBOBaTb B CAeAyrorn;eM OKHe He c «TeM Me

CTOM» BOAHhl, c KOTOphIM B3aHMOAeHCTBOBaA B rrpomAOM OKHe, 

11 He c «MeCTOM», Ae>KaBmeM C3aA11 Hero (KaK rrpH n;;:::: 1 ), a c «Me

CTOM», AeJKaBmeM BrrepeAH Hero. BoAHa 6yAeT 6eJKaTh HaBCTpeqy 

11 - ycHAHBaTbC.H ! 
KoHeqHo, 3arA.HAhIBaTh B «OKOmKH» 3acTaBA.HTh 3AeKTpoH 

He HaAO. BeAh ecAH BOAHa 6eJKHT c APyroH: CTopoHhl OT 3KpaHa, TO 

B3al1MOAeHCTBOBaTh c 3AeKTpOHaM11 OHa 6yAeT CAa6o. 3aMeAAf[IO

rn;a5I CHCTeMa AaMITbI o6paTHOH BOAHhI - J\OB MO>KeT BhlrA51AeTh 

rro-pa3HOMy, HarrpHMep TaK, KaK ITOKa3aHO Ha pHC. 33. 
ITOMHHTe, KaK B Kl1HO BepTHTC.H Ha3~ Bl1HT caMOAeTa 11Al1 

KOAeco y TeAer11? f1orrpo6yH:Te pem11Th 3~aqy - KaK B11AHMOe 

HarrpaBAeH11e Bparn;eHH5I 3aBl1Cl1T OT HCTl1HHOH yrAOBOH CKOPOCTH 

KOAeca rrpH qacTOTe KaAPOB 24 KaApa B CeKYHAY· 
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rnasa 4. /l,nt1HH8fl /l,Opora OT BX0/1,8 K Bb/XO/l.Y 

BOJIHa 

3JieICTpOHhl 

o6nacnr B3aHMO)J.eHCTBllil 

PMc. 33. 3aMeAJISllOW,aSl Cl!ICTeMa nos 

BOT HeqTo TIOA06Hoe M «BMAMT» 3AeKTpOH, 3af.AflAhlBaJI B OKOIII

KM MAH npoAeTaJI qepe3 o6AaCTM B3aMMOAeHCTBH.SI. TO.l\hKO BMAH:T OH 

He 24 KaApa B ceKYHAY· a cyrn;ecTBeHHO 60.1\hIIIe. BoT TaKoe J<i.MHO ... 

6. AnMaa He Anst npMKpac 

KoHcTpyMpoBaHMe - 3TO KOMIIpOMMCC. EcAM 60.1\hIIIe Morn;

HOCTh - TO MeHhIIIe AMana30H qacTOT, a ecAH HeT - TO Kopoqe 

cpoK CAy/K6h1 MAH AOPOJKe npM6op ... 11 TaK OAHO 3a Apyroe, To 

3a TpeThe, mIToe M AeB5IHOCTO AeB51Toe ... 3aKa3qMKM, KaK npa

BMAO, JKeAaIOT yAyqIIIeHM51 OAHMX napaMeTpOB, HO BOBCe He co

rAaCHhl AOIIYCTMTh yxyAIIIeHM51 APyrMx napaMeTpoB. flocMoTpMM, 

K qeMy 3TO IIpMBOAMT B TeXHHKe 3Bfl. 

flpH onpeAeAeHHOH AAH:He BOAHhl pe30HaTOphl B KAHCTpOHe 

M cnMpaM B J\EB HMeIOT onpeAeAeHHhie pa3Mephl. KaKa51-TO A0.1\.51 

3.1\.eKTpOHHOfO nyqKa nepexBaThIBaeTC51 ceTKOH B 3a3ope pe30Ha

TOpa MAH CIIHpaMIO. flyqoK nepexBaThIBaeTC51 - MOrn;HOCTh BhI

AeA51eTC51. Pa3 pa3Mephl onpeAeAeHHhie - TO H TIAOTHOCTh Morn;

HOCTM (BT/CM2 ) onpeAeAeHHa51. Morn;HOCTh BhIAeA51eTC51-AeTaAh 

HarpeBaeTC51. flAOTHOCTh MOrn;HOCTM onpeAeAeHHa51 - TeMnepa

TyPa onpeAeAeHHa51. Ae'ra.l\h HarpeBaeTC51 - MeTaAA MCnap51eTC51 

MAH nAaBMTC51. EcAH nAaBMTC51, TO Bee 51CHO. A ecAH MCnap51eTc51, 

TO naphl OCeAaIOT MAH Ha M30A51TOpax, npeBparn;a51 HX B npOBOA

HMKM, MAH Ha KaTOAe, M3MeH5151 ero COCTaB AO TIOTepM pa60TO

cnoco6HOCTM. BhI BMAMTe - qeM Kopoqe AAH:Ha BOAHhI H 60.1\hIIIe 

Morn;HoCTh, TeM 6hlcTpee Mcnap51eTc51 M nAaBMTC51. 3To OHO, P/2-

orpaHMqeHMe. 
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6. AnMa3 He /1/lff np11Kpac 

ITocMOTp11M, KaK MO)KHO - HeT, He Bh1HTl1, HO XOT.H 6hl Bhl

XOA11Th R3 :noro 110./\_0)KeHRH. Bo-11epBhIX, MO)KHO RCKaTh KOH

CTPYI<IJ;Rl1, B KOTOphIX MeHhIIIe llhOTHOCTh MOIIJ;HOCTl1, B@AeMIO

n.i;e:Hc.H Ha llOBepXHOCT.HX 3BIT. Hy, KOHe'IHO, 3heKTpOHHhIH 11y

'IOK He AO)\_)KeH 11epexBaThIBaThC.H TeM, tJeM He AO)\_)KeH - Ae:H

CTB11TeMHO, 'ITO 3TO 3heKTpOHhl 110BdAl1./\_MCh OCeAaTh Ha ceTKax 

11 CllRpaMx? Ho 11p11 llOllhITKe C)KaTh llYtJOK llOC11MHee OH Tep.H

eT haM11HapHOCTh. TaKo:H 11yqoK He yAaeTc.H c11MHO 3aTopM0311Th 

(peKyrrep11poBaTh) Ha KoMeKTope. BoT 3TO 11 ecTh OAHO 3a Apyroe, 

TpeThe, 11.HToe ... He 6yAeM pa3MaThIBaTh 3Tl1 Khy6KH AO AeB.HHOCTO 

AeBHTOro, HO llOBepbTe - 11peyse./\_M'leHa 3Ta qmppa He llOTOMy, 

'ITO Khy6oK MM, a llOTOMy, 'ITO HM OAMH Aa)Ke caMblH reHHaMHhIH 

KOHCTPYKTOP He YAepJK11BaeT B orrepaT11BHOH 11aMHT11 CTPYKTYPY 

H3 AeBHHOCTa AeBHT11 CBH3e:H. OH 3aMeHHeT 3TO OllhITOM 11 l1HTYM

q11e:H ... BepHeMcH, OAHaKo, OT KOHCTPYKTopoB K KOHCTPYKIJ;H.HM. 

KorAa-To }\_IQAl111Me./\_M B cBoeM pac11op.H)KeH11H TPl1 MaTep11-

Ma - KaMeHh, AepeBo 11 )Kl1MI. 0AHO 11p11BH3hIBd./\_M K ApyroMy 

TpeThl1M, ITO./\_YtJd./\_M A06pOTHhIH KaMeHHhIH TOllOp 11 Ill./\_M 3aBoe

BhIBaTh )Kl13HeHHoe 11pocTpaHCTBO. 0Ho 11pocTHpMOCh AO rop11-

30HTa, 11opoc1IIee heCOM, llOKphITOe 03epaM11 11 BaAyttaMl1, OCTaB

./\_eHHhIMl1 OTCTyrrRBIIIRM heAH11KOM ... Ko./\_MqecTBO MaTep11MoB, 

HMeIOIIJ;l1XCH B pac11opH>KeHHM )\_IQAe:H ITOHeMHOry B03paCTMO, 

HaKOHeq )\_IQAl1 CTd./\_M coeA11HHTh MaTep11aMI TaK, 'ITO 11X y-JKe 6hl

./\_O HeM3H pa3'beAl1HMTh. 

Ae:HcTBl1TeMHo, KaMeHHhIH To11op MOJKHO pa3o6paTh, a JKe

he3o6eTOHflYIO fi./\_MTY HeM3H. Te11eph OTMeT11M en.i;e pa3./\_M'll1H: 

1) apMaTYPa, 3d./\_MTaH 6eTOHOM cpa3y B Bl1Ae CTeHhl 11./\_M ll./\_OTl1-

Hhl - roToBaH KOHCTPYKIJ;HH, 

2) fi./\_MTa 113 JKehe3o6eToHa - roTOBaH AeTaM 11, HaKbHeq, 

3) 6eCKOHe'IHaH heHTa 113 JKehe3o6eTOHa, 113 KOTOpo:H yJKe 110-

Che 3aCThIBaHH.H 6eToHa Bhlpe3aIOT Heo6xoAMMhie AeTd./\_M. 

BOT B 3TOM TpeTbeM Chyqae, BnpotieM, KaJKeTCH, He npHMe

H.HIOIIJ;eMCH B CTpo11TeMCTBe, MOJKHO roBOp11Th 0 KOMIT0311Te ... 

HO TepM11Hohor11tJecK11:H crrop ocTaB11M cp11hococpaM. Aeho cpH3H

KOB 11 11H>KeHepoB - IlOHHTh 11 C03AaTb. 
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rnasa 4. ,lJ,nMHHafl /J,Opora OT BXO/J,8 K Bb/XO/J,y 

11TaK, KOMII03HTbI. Ecllli, HarrpHMep, B35ITb BO.l\bcppaMOBblH 

rropOillOK, crrpeccoBaTb ero H HarpeTb, 'IT06bI IIOBepXHOCTHa5I 

AHcpcpy3H5I coeAHHHAa rropolllHHKH B ry6Ky (rrpm~ecc Ha3bIBa

eTC5I crreKaHHe), a IIOTOM 3TY ry6Ky rrpoIIHTaTb pacrrAaBAeHHOH 

MeAbIO, TO IIOAYtJHTC5I MaTepHaA, IIO'ITH TaKOH >Ke rrpO'IHbIH, KaK 

BO.l\bcppaM H c IIO'ITH TaKOH >Ke BbICOKOH TeIIAOIIpOBOAHOCTbIO, 

KaK y MeAH (y BO.l\bcppaMa HH3Ka5I TeIIAOIIpOBOAHOCTb, a y MeAH -

rrpotIHOCTb). Bb1cOKa5I TeIIAorrpoBOAHOCTb - 3TO otieHb xopolllo. 

TerrAO OTBOAHTC5I H IIOBepxHOCTb, AeHb H HO'lb TblC5I'IH H COT

HH TbIC5I'l qacoB MOA'la rrpHHHMaIOrn;a5I Ha ce65I 3AeKTpOHHbIH 

JlliBeHb, HarpeBaeTC5I MeHbllle. ITpaBAa, HCIIap5ITbC5I BO.l\bcppaM

MeAHa5I KOMII03Hl~H5I TaK >Ke xopolllO, KaK MeAb - H 3TO IIAOXO. 

Ho BOT ecJlli IIOKpbITb MeAb Hllli MeAHO-BO.l\bcppaMOBbIH KOMI103HT 

c IIOBepXHOCTH TOHKHM CAOeM BO.l\bcppaMa, TO HcrrapeHHe CTaHeT 

TaKHM, KaK y BO.l\bcppaMa - TO eCTb OtieHb Ma.l\blM. IT03TOMY KOA

AeKTOp 3AeKTpOHOB AeAaTb TaKHM H3 TaKoro MaTepHaAa CTOHT. 

Co crrHpa.l\bIO B /\EB cttryau;H5I HHa5I. 

,tv.sJ. Toro, 'IT06bI 3aTYXaHHe 3AeKTPOMarHHTHOH BOAHbl B CIIH

paAH 6hIAO MaAO, OHa AOA>KHa 6bITb CAeAaHa H3 MeTaAAa c Bbl

COKOH rrpoBOAHMOCTbIO, HarrpHMep, MeAH. Ho y MeAH >Ke MaAa 

rrpotIHOCTb! Htttiero cTpalllHoro, CAeAaeM crrHpa.l\b H3 BO.l\bcppaMa, 

a c rroBepxHocTH rroKpoeM MeAbIO. Aa, HO Hcrrap5ITbC5I 3TOT Ma

TepHaA 6yAeT KaK MeAb. KcTaTH - AOpo>Ke He 3Ha'IHT Ayqllle -

y cepe6pa rrpoBOAHMOCTb BbIIlle, HO Hcrrap5IeTC5I OHO 6blCTpee, 

a y 30AOTa CKOpOCTb HCIIapeHH5I MeHbllle - HO MeHbllle H rrpo

BOAHMOCTb. 0AHO 3a Apyroe, TO 3a TpeThe, I15ITOe H TaK AaAee. 

KcTaTH, HeKOTOpb1e cIIAaBbI MeAH (MeAb-6epHAllliH, MeAh-THTaH, 

MeAb-xpoM) HMeIOT 60./\blllYIO, tieM y MeAH rrpotIHOCTh. Ho -

KaK H CAeAOBaAO O>KHAaTb - y HHX xy>Ke rrpOBOAHMOCTb. TaK 

'ITO HaAO CMOTpeTb KOHKpeTHO - 'ITO 60./\bllle, a 'ITO MeHbllle, 

H Ha CKO.l\bKO HMeHHO. 

CoBceM He o65I3aTeAbHO rroKphIBaTh MeTaAA AA5I YMeHbllle

HH5I HCIIapeHH5I MeTaAAOM. MO>KHO 6hIAO 6bI IIOKpbITb MeAb, Ha

rrpHMep, TOHKHM CAOeM AH3AeKTpHKa - OKHCH aAIOMHHH5I. Bbl 

y>Ke 3HaeTe, 'ITO B AH3AeKTpHKe 3AeKTpoMarHHTHa5I BOAHa rrorAO

rn;aeTC5I MeHbllle, tieM B rrAoxoM rrpoBOAHHKe. Aa, HO 3TO OTHO-
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6. AnMa3 He /1.flR np11Kpac 

CHTCH K xoporneMy AH3AeKTpHKy. A qTo TaKoe xopornHli? Y Hero 

AO)\.)KHa 6hITh MaAa rrpoBOAHMOCTh. Ho 3AeKTpoMarHHTHaH BOAHa 

3aTYXaeT He TOJ\.hKO H3-3a HaJ\.Hqif51 rrpOBOAHMOCTH. ITpH KOAe-

6aHH51X HOHOB, BhI3BaHHhIX H3MeHeHHeM HarrpmKeHHOCTH 31\.eK

TpnqecKoro IIOJ\.51, rrpOHCXOAHT rrpeBpa~eHHe 3HeprHH 31\.eKTpo

MarHHTHOM BOJ\.Hhl B TeIIJ\.O H BOJ\.Ha 3aTYXaeT. ITpHqeM «IIOTe

pm> 3HeprHH BOAHhI Aa>Ke B xoporneM AH3AeKTpHKe TaKOBhl, qTo 

CTapaIOTC51 HMeTh AH3J\.eKTpHKa BOKpyr CIIHpaAH IIOMeHhllle -

CKa>KeM, He 3arOH51IOT crrnpaAb B CIIJ\.OlllHYfO Tpy6y, a 3a>KHMa

IOT Me)l(Ay TpeMH CTep>KHHMH. I1 BOT - OAHO 3a Apyroe! - qeM 

«MeHhllle» 3Toro AH3J\.eKTpHKa, TeM XJ>Ke OTBOA TeIIJ\.a OT CIIH

paAH H TeM CHJ\.hHee OHa HarpeBaeTCH. c y>Ke H3BeCTHhIMH BaM 

IIOCAeACTBHHMH. 

IToHCKH AH3AeKTpHKOB c BhICOKOM TeIIAorrpoBOAHOCThIO rrpn

BeAH K aAMa3y - AH3J\.eKTpHKY c TeIIJ\.OIIpOBOAHOCThlO 601\.hllleM, 

qeM y MeAH. Aa>Ke y KepaMHKH H3 OKHCH 6epHJ\.J\.HH TerrAorrpoBOA

HOCTh MeHhllle, qeM y MeAH B ABa pa3a, y KepaMHK >Ke Ha OCHOBe 

OKHCH aAIOMHHHH, Han6oAee yrroTpe6HTeJ\.hHhIX B 3lll CBq, a TaK

>Ke rrepcrreKTHBHhIX KepaMHK Ha ocHoBe HHTPHAa 6opa H HHTPHAa 

aAIOMHHHH - B HecKOJ\.hKO AeCHTKOB pa3. 

BepHeMC51 K KOMII03HTaM - 3_Ta TeMa CTOHT e~e HeCKOJ\.h

KHX a63au;eB. B rrpeAHCJ\.OBHH K 3TOM KHHre yrroMHHaJ\.OCh, qTo 

3a rrpo6AeMaMH 3BIT rroAe3HO BHAeTh HAH, cKa>KeM - Y3Ha

BaTh - rrpo6AeMhl o6~eTeXHHqecKne. KoMII03HThI - BIIOAHe 

o6~eTeXHHqecKaH rrpo6AeMa. CKa>KeM, aBnau;nH n KOCMnqecKaH 

TeXHHKa TOJ\.hKO HMH H >KHBYT. KorAa B TeXHHKY rrpnAeTe BhI, KOM

II03HTaMH 6YAYT >KHTh Bee. AB TeXHHKe 3BIT TPdAHIJ;HH rrpnMeHe

HHH KOMII03HTOB BIIOJ\.He rroqTeHHhl - HarrpHMep, OAHH H3 AByx 

OCHOBHhIX THIIOB KaTOAOB 3BIT - «BOAbcppaM6apHeBhIM» - KOM

II03HT, CMeCb w H COJ\.eM Ha OCHOBe CHCTeMhl Ba-Ca-Al-0. OH 

6bIJ\. rrpeAAO>KeH He CTOJ\.h AaBHO - B 1954 roAy, HO H3 Tpex caMhIX 

CTaphlX KaTOAOB - BOAbcppaMOBoro ( 1884 roA)' OKCHAHOrO ( 1904 
rOA) H BOAbcppaMTOpHeBoro ( 1913 rOA) OAHH - IIOCAeAHHM - 6bIJ\. 

KOMII03HTHhIM H COCTOHJ\. H3 BOAbcppaMa H OKHCH TOpH51. 

ABa MaTepHaAa, rrpnBeAeHHhIX B corrpnKOCHOBeHHe, HaqH

HaIOT B3aHMOAelicTBOBaTh APyr c ApyroM. EcAH TeMrrepaTYPa AO-
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rnasa 4. ,ll.nJAHHaR ,aopora or sxo.aa K Bb1xo,ay 

cTaToqHo BhICoKa, qT06b1 AHQ:>cpy3m1 YBOAW\.a 11:3 30HhI B3aHMO

AettcTBH51 rrpOAYKThl peaKI.J;HH, To cocTaB MaTep11:aAa 6yAeT H3Me

H51ThC5I. A pa3 cocTaB, TO 11: Bee CBOHCTBa. CTp11:qeM qeM MeHb

me AeTaAH, TeM 6bICTpee 11:3MeHeHHe COCTaBa 3aXBaTHT BCIO Ae

TaAh. CTo:noMy CAeAaTb IIpH60pbI MHHHaTIOpHbie, AOAI'OBeqHbie 

H BbICOKOTeMrrepaTYPHbie rrpHHQHIIHaAhHO CAO:>KHO. HaAO HC

KaTb KOMII0311:Tbl H3 MaTepHaAOB, IIAOXO B3aHMOAeHCTBYlQru;Hx 

APyr c ApyroM. CTpo6AeMa B3aHMOAelicTBH51 MaTepM:aAoB BCTaAa 

BO Bech CBOH pocT Ha IIYTH BaKYYMHbIX HHTerpaAbHhlX cxeM (Ma

Aora6apHTHhle 11: BbICOKOTeMrrepaTYPHhie) I MOHOAHTHblX KaTOAHO

ceToqHbIX Y3AOB (Ha KaTOA HaHeceHa rrAeHKa AH3AeKTPHKa c OT

BepcTH51MH, Ha Hee, B CBOIO oqepeAb, MeTaAAHqecKa51 IIAeHKa -

«CeTKa»), BhICOKOTeMrrepaTYPHhIX rroAyrrpoBOAHHKOBhlX rrp11:60-

poB. TaK qTo ecAH Bae T51HeT K TeXHHKe, cpa3y H HaqH11:Te -

c KHHfH E. C. EoKmTe:Htta «ATOMhI 6Ay:>KAaIOT no KpHCTaAAY» 

(E11:6AHOTeqKa KBaHTa. 1984. Bhm. 28.). 
B 3TOM rraparpacpe paccKa3aHo He o Bcex TeXHOAOrHqecKHX 

rrpo6AeMax AEB. He paccKa3aHo Aa:>Ke o Thic51qHo:H Hx AOAH! 

K TeXHOAor11:H 3BCT CRY MhI eru;e BepHeMC51. 



rnaaa 5 

nonR CKpeU1HB8/0TCR 

1. 3Bn CB"I: icywaTb noAaHo! 

Ilp116op, IIO.l\.y<IHBIIIHH Ha3BaHHe «MarHeTpOH», 6hI.I\. H306pe

TeH H. <I>. A.l\.eKceeBhIM HA. E. Ma.MipOBhlM B 1939 rOAY· Pa3YMeeT

c.H, y HHX 6hIAH rrpeAIIIecTBeHHHKH, rrpHAYMaBIIIHe He'ITO 6AH3Koe 

H BMeCTe c TeM AOCTaTO'IHO AaAeKoe, 'IT06bI C'IHTaTb MarHeTpOH 

HOBbIM rrpH60pOM. Ho B 3TOH KHHre Mbl He aHaAH3HpyeM BOrrpoc 

0 pa3BHTHH lfAeH H 0 TOM, B KaKOH MOMeHT H Ha KaKOH IIO'IBe 

B03HHKaeT TO, 'ITO IIOTOM Ha3oByr HOBOH HAeeM:. CBOHX rrpeA

IIIeCTBeHHHKOB HMeIOT .l\.l06a.H HAe.H H .l\.l06oM: rrp116op. fopa3AO 

BaJKHee, HMeeT AH OHa CBOHX IIOTOMKOB. 

KaJK.Aa.H Bern;h 'leM-TO HHTepecHa, H 'leM-TO HHTepeceH KaJK

AhlH 3BIT CBlJ. 11 ecAH HeK0Topb1e J\EB HHTepecHbI TeM, 'ITO 

ll3rOTaBAHBaIOTC.H AHIIIh B HeCKO.l\.bKHX AeC.HTKax 3K3eMII.l\..HpoB 

(J\EB AJ\..H crryrHHKOB CB.H3H), TO MarHeTpOH (cpoTO 13) llHTepe

ceH TeM, 'ITO 3TO 6bIA rrepBbIH AettcTBHTe.l\.bHO MaccoBbIH CBlJ 

rrpn6op. 1160 Te MarHeTpOHhI, KOTOpb1e ncrro.l\.b3YlQTC.H B CBlJ

rreqax, BbIIIYCKaIOTC.H B 5IrrOHHH 60.1\.ee 'leM MH.1\..1\.HOHHblMH «THpa

:>KaMll». TpaAHIJ;llOHHa.H .HIIOHCKa.H KyxH» rrpeAIIO'IMTaeT BapnTh, 

rrapHTh H TYIIIHTh, a He :>KapHTh. PYM»Ha.H KopotIKa (coAep:>Karn;a» 

KaH11;eporeHHhle rrpOAYKThI TepMOAH3a HH3KocopTHhIX :>KHpOB) -

He ee 11;e.l\.b. TaK BOT, CBlJ-neqn KaK pa3 H AeAaIOT He'ITO noxo:>Kee 

Ha BapKy, rrapKy n TYIIIeHne, n6o 3AeKTpoMarHMTHa.H BOAHa CBlJ 

rrorAorn;aeTc.H BCeM o6'beMoM cpa3y. Ilo3TOMY B rre'IH, npeAHa-

3Ha'leHHhie AJ\..H 3arraAa (AA.H .HIIOHIJ;eB - BOCTOKa)' BCTpaHBaAHCb 

llHcppaKpaCHbie .l\.aMIIbl llMeHHO AJ\..H «IIOAPYM.HHHBaHll.H». 

Bo3MO:>KHO, MarHeTpOH - 3TO H IIOC.l\.eAHHH MaCCOBbIH 3BIT 

CBlJ. AeAo B TOM, 'ITO 3BIT CBlJ rrpHMeH.HIOTC.H npeHMyrn;ecTBeH

HO B 06.1\.aCTll BbICOKHX qacTOT ll MOlll;HOCTeH, a B 3TllX 06.1\.aCT.HX 
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rnasa 5. nonfl CKpelll,1188/0TCfl 

MHoro OA1rnaKOBhIX nptt6opoB He HaAO. A KOrAa AaHHa51 o6AaCTh 

qacTOT H MOIIJ;HOCTeH OCBaHBaeTC51, TO AaMnhI ycneBaIOT npOABH

ttyTbC51 AaAbrne, a K 3TOH o6AaCTH y)Ke noA6HparoTc51 noAynpo

BOAHHKOBbie npH60pbI. 

Dopa, HaKoHeu;, cKa3aTh, qTo TaKoe MarHeTpoH. 3To - HCTo

pttqecKH nepBbIH npeACTaBHTeJ\.b 3BCT CBLI co «CKpem;eHHhIMH 

no.Af!MH». A HMeHHO - c MarHHTHhIM noAeM, nepneHAHKY.Af!P

HhIM 3AeKTpHqecKoMy. KaK BHAHTe, onpeAeAeHHe npocTo. CAO)K

HhI CAeACTBH51 H3 Hero. 

2. 3neKTpOH B CKpell.\eHHblX nonSIX 

3aMeTHM npe~e Bcero, qTo MarHHTHOe noAe B 3BCT CBl.J 

y)Ke HaM BCTpeqaAOCb. Bo MHOrHX A.EB H KJ\.HCTpOHax OHO 6bIAO 

HanpaBAeHo BAOJ\.b 3AeKTpOHHoro nyqKa H yAep)KHBaAO 3AeKTpo

HhI OT pa36eraHH51 B cTopOHhI. Ae:HcTBHTeJ\.bHO - noKa cKopocTh 

31\.eKTpOHa HanpaBAeHa napaAAeJ\.bHO noAIO, Ha 31\.eKTpOH He AeH

CTByeT co CTOpOHbl 3Toro no.Af! HHKaKHX CHA. Ho KaK TOJ\.bKO 60KO

Ba51 CKOpOCTb B03HHKaeT, TO B03HHKaeT H CHAa AopeHu;a, nepneH

AHKy.Af!pHa51 noAIO H CKOpOCTH. 3AeKTpOHbl HaqHHaIOT ABHraThC51 

no cnHpa.Af!M, «HaB1·1Ba5ICb» Ha CHAOBhie AHHHH MarHHTHOro no.Af!. 

l.JTO npOH30HAeT, ecAH 31\.eKTpOH HaqHeT ABHraThC51 B «CKpem;eH

HbIX no.Af!X», TO ecTb B ycAOBH5IX, KOrAa H 1-E? 
DycTh 3AeKTpoH BhIAeTaeT H3 KaTOAa (pttc. 34) H HaqHHaeT 

ABHraThC51 K aHOAY. MarHHTHOe noAe nepneHAHKY.Af!PHO nAOCKO

CTH pHCYHKa. DoKa 31\.eKTpOH npoAeTeA MaAO H CKOpOCTb ero MaAa 

( CHAa, AeHCTByrom;a5I Ha 3AeKTpOH co CTOpOHbl 3AeKTpHqecKoro 

nO.Af! nOCT05IHHa H paBHa eE, rAe E - Hanp5I)KeHHOCTb no.Af!), 

CHAa, AeHCTBYIOIIJ;a51 co CTOpOHbl MarHHTHOro no.Af! TO)Ke MaAa, 

H 3AeKTpOH AeTHT noqTlf no np5IMOH. no Mepe «naAeHH51» Ha aHOA 

CKOpOCTb 3AeKTpOHa pacTeT, CHAa AopeHu;a evB yseAHqlfBaeTC51, 

TpaeKTOpH51 H3rH6aeTc51. DpH MaAOH HHAYKu;HH MarHHTHoro no.Af! 

3AeKTpOH OTKAOHHTC51 OT np5IMOH, HO aHOAa Bee )Ke AOCTHrHeT. 

DpH 6oAhrno:H HHAyKu;HH no.Af! B TpaeKTOpH51 3AeKTpoHa aHOAa 

He AOCTHraeT. KorAa CKOpOCTb Ha pHC. 34 CTaHOBHTC51 HanpaBAeHa 

ropH30HTaAbHO, 3AeKTpOH HaqHHaeT B03Bpam;aThC51 K KaTOAY· 
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2. 3neKTpOH 8 CKpeLJ.4eHHblX nonRX 

P111c. 34. ,l],s111)KeH111e s11e1<Tp0Ha B c1<pell.leHHb1x nomix 

Terreph OH ABMraeTCH rrpOTMB 3AeKTpMqecKoro ITOAH M CKO
pOCTh era YMeHhIIIaeTCH. HaKoHeu;, ITOAJ\.eTeB K KaToAy, 3AeKTpOH 
YMeHhIIIaeT CBOIO cKopocTh AO eyAH. l1 see ITOBTOpHeTcH cHaqaAa 
(puc. 34). 

B 3BI1 CB"l.J co cKpern;eHHhIMM rroAHMM rrpttMeHHeTcH M APY
roe pacrrOAOJKeHMe 3AeKTPOAOB - KOaKCMaAhHhie KaTOA M aHOA 
(puc. 35). CKopo Mhl Y3HaeM, 3aqeM, a rroKa cKaJKeM, qTo M B 3TOM 

cAyqae rrpu MaAhIX B TOK MAeT B u;errM KaTOA-aHOA, a rrpM 6oAh
IIIMX B rrpoTeKaHMe TOKa rrpeKparn;aeTCH. Ha KaqecTBeHHOM ypos-

P111c. 35. ,l],B1t1)f(eH111e s11e1<Tp0Ha B CKPell.leHHblX nomix, 

KOaKClt1aJlbHble 3JleKTPOAbl 
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rnasa 5. nonR CKpe1.14MB8/0TCfl 

P1.1c. 36. 0TAa'la 3Heprn111 B TO'lKe * lt1Jllt1 BAOJlb see~ TpaeKTop111111 

He c AB11)KeHJ1eM 3AeKTpOHa B CKpern;eHHbIX IIOA51X Bee 51CHO. 

HeHcHo OAHO - 3a'IeM 3TO HY)KHO 11 KaK rrp11 3TOM yc11A11BaIOT

C5l 11Al1 reHep11pYlQTC51 3AeKTpOMarHl1THbie KOAe6aHl151. 3aMeTHM, 

'ITO pa6oTaIOT 3BI1 co CKpern;eHHbIMl1 IIOA51Ml1 KaK pa3 rrpH TaKl1X 

MarHHTHbIX IIOMIX, rrp11 KOTOpbIX 3AeKTPOHbI He AOA)KHbl AOAeTaTb 

AO aHOAa. Ho ecAM TOK He Te'IeT, TO rrp116op He IIOTpe6A51eT Morn;

HOCTH OT 11CTO'IHHKa IIl1TaH1151 11 eMy He'Iero rrpeo6pa30BbIBaTb 

B 3Heprn10 3AeKTpOMarHl1THoro IIOA51. TaK 'ITO 3AeKTPOHhI AOA)K

HhI AOAeTaTh AO aHOAa H AOA)KHbI OTAaBaTb 3HeprHIO, B036~a51 

KOAe6aHH51 3AeKTpOMarHl1THOrO IIOA51. Bern;11 3TH CB513aHbI - BHl1-

MaHHe, 3TO KAIO'IeBoe MeCTO rraparpacpa - ecAM 3AeKTpOH OTAa

eT 3HeprHIO, Harrp11Mep B TO'IKe * Ha p11c. 36, TO OH ycrrenrno ... 

IIaAaeT Ha aHOA - BeAb B TO'IKe * OH KaK 6bI Ha'I11HaeT ABHraTb

C51 3aHOBO, c eyAeBOH CKOpOCThlO, KaK TOAbKO 'ITO BbIIIIeAIIIl1H 

H3 KaTOAa. Ho B 3BI1 3AeKTpOHbI He OTAaIOT 3Hepr1110 B KaKOH

TO OAHOH TOtIKe, a noHeMHory Bee BpeMH. Tio3TOMY TpaeKTop1151 

COCTOl1T He 113 KYCKOB, KaK Ha pnc. 36 CAeBa, a rrpOCTO HMeeT 

MeHbIIIYIO KpHBl13Hy, KaK crrpaBa. 

TiepeA TeM, KaK rrepe:HTH K Borrpocy 06 yc11AeHHH 11 reHepau;1111 

3AeKTpoMarHl1THhIX KOAe6aHn:H, 3aMeT11M ern;e OAHY Bern;h. ABn)Ke

H11e 3AeKTpOHOB B CHCTeMe 3AeKTPOAOB, IIOKa3aHHbIX Ha pnc. 34 
H 35, MO)KHO c II0Ab30H rrpnMeHl1Tb 11 6e3 rem~pau;n11. BHAHO, 
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2. 3neKTpOH 8 CKpell..(eHHb/X nonRX 

Pi.tc. 37. MarnerpoHHa51 nywKa 

'ITO ecAM KaTOA Ha p11c. 34 AAMHHbIH, TO B rrpocTpaHCTBe MeJKAy 

H11M 11 aHOAOM co611paeTC.5I MHoro 3AeKTpOHOB. 11 Cl1CTeMy p11c. 34 
MO)KHO 11CI10Ab30BaTb B KatieCTBe 3AeKTpOHHOH rryrnK11 B Af060M 

3Bn, B KOTOpOM Hy)KeH ITAOTHbIH 3AeKTpOHHbIH ITOTOK. MO)KHO 

11CI10Ab30BaTb B KatieCTBe 3AeKTpOHHOH rryrnK11 11 KOaKCl1aAbHYJO 

3AeKTPOAHYJO CHCTeMy p11c. 35. LI;11AMHAPbl - KaTOAHbIH 11 aHOA

HbIH - AeAaIOTC.51 He COBCeM D;HAMHAP11tieCKl1Ml1, a CAerKa KOHyc

HbIMl1 (p11c. 37). 3AeKTpOHbI 3aKpyq11BaIOTC.5I BOKpyr rrpoAOAbHOH 

OCH H, 113-3a HaAMtil151 y IIOA.51 E oceBOH KOMIIOH€HTbl, Hdtil1HdIOT 

ApelicpOBdTb K BbIXOAY 113 MarHeTpOHHOH rryrnK11. 

CTp11 paBeHcTBe CHAbI J\opeHu;a 11 cl1Abl, AelicTByioiu;e:H Ha 3AeKT

poHbI co CTOpOHbl 3A€KTpHtieCKoro ITOA.51, OHR li 6YAYT Bpaiu;aTbC.51 

no OKPY)KHOCT51M, TOtIHee - no crr11paA.5IM. CToToK, BbIXONIIIJ;11H 

113 MarHeTpOHHOH IIyrnK11, Ha3bIBaeTC51, ecTeCTBeHHO, Bl1HTOBbIM, 

11 oH MO)KeT 6hITb 11crroAb30BaH B Af060M 3Bn CBl.J, Harrp11Mep 

B KAMCTpOHe. Mo)KeT 6bITb OH HCIIOAb30BaH 11 B rrp116ope co CKpe

ID;€HHbIMl1 IIOA51MH. TaKoli rrp116op 6yAeT Ha3blBaTbC51 «M11TPOH». 

Terrepb rrepeliAeM K rrp11Hu;11rry reHepau;1m 11 yc11AeH115I B np11-

6opax co CKpeiu;eHHblMl1 IIOA51Ml1, B MarHeTpOHax, M11TpOHax li TaK 
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r11aBa 5. nonfl CKpell.(11/88/0TCfl 

AClAee. f1pH6opoB TaKHX Cyn\eCTByeT oqeHh MHOro H IIOCAe pac

CMOTpeHH.H rrpHHu;nrra nx pa6oThI MhI y3HaeM, rroqeMy TaK 06-

nmpHo H pa3H006pa3HO ceMeHCTBO MarHeTpOHOB. 

3. ECTb nM pa3HMU,a, KyAa naAaTb 

Aa, KOHeqHo. J\yqrne B cyrpo6, qeM Ha MOCTOBYJO. Ho 3Ta 

aHaAOrlrn MO)KeT IIOMOqb IIOH.HTb CMbICA rrpHMeHeHH.H KOMeKTO

poB c peKyrrepau;neH:. Hae )Ke ce:Hqac 6yAeT HHTepecosaTh HeqTo 

Apyroe. 3aMeThTe, 'ITO B J\EB 3AeKTpoH «IIaAaeT» Ha yqacTKe 

OT KaTOAa AO Ha'laAa 3aMeAA_HIOrn;ell: CHCTeMbl. f1aAaeT B TOM )Ke 

CMhICAe, B KOTOpOM IIaAaeT KaMeHh, OTOpBaBIIIHHC.H OT sepTH

KaAbHOH CKaAf,1 - ABHra.HCb no CHAe, yMeHhIIIa.H IIOTeHIJ;HaAbHYJO 

H yseAH'IHBa.H KHHeTH'leCKYJO 3HeprHIO. 3AeKTpOHbI BXOA.HT B 3a

MeAA.HIOrn;y10 CHCTeMy, Ha6paB CKOpOCTb H y)Ke B He:H OTAaIOT 

KHHeTM'leCKYJO 3HeprHIO 3.1\.eKTpOMarHHTHOH BOA.He. f1pM 3TOM 

CKOpOCTb 3.1\.eKTpOHOB yMeHhIIIaeTC.H H He06XOAHMOe AA.H pa60Thl 

J\EB COOTHOIIIeHHe Me~y CKOpOCTbIO 3AeKTpOHOB M BOAHbI Hapy

rnaeTC.H. Bhl y)Ke 3HaeTe, 'ITO MeTOAhI 6oph6h1 c 3TOH HerrpM.HTHO

CThIO Cyn\eCTBYJOT, HOM HerrpH.HTHOCTb Cyn\eCTByeT TO)Ke. B 3Bf1 

co CKpern;eHHhIMH IIOA.HMH cHryau;H.H HHa.H - 3.1\.eKTpOH «IIaAaeT» 

c KaTOAa Ha aHOA, HO AeTHT BAOAh HHX. CpeAH.H.H CKOpOCTb rro

AeTa OCTaeTC.H IIOCTO.HHHOH, II03TOMY 3.1\.eKTpOMarHHTHOll BOAHe 

3AeKTpOH OTAaeT He KHHeTH'leCKYJO, a IIOTeHIJ;HaAbHYJO 3HeprHIO. 

A pa3 TaK, TO CMHXpOHM3M He HapyrnaeTC.H H 3TO - rrpeHMy

rn;ecTBO TaKHx 3Bf1. To'IHee 6b1Ao 6b1 cKa3aTh - He rrpenMy

rn;ecTBO, a CBOHCTBO. fosopHTb 0 rrpeMMyn\eCTBax OAHOro 3Bf1 

rrepeA APyrHM MO)KHO TOAhKO Ha ypoBHe BhlXOAHhIX rrapaMeTpos 

(MOIIl;HOCTh, qacTOTa, sec, CTOHMOCTb) H HeAb3.H - Ha ypoBHe 

BHYTpeHHHX csoll:cTB. Ka~hIH 3Bf1 - CAO)KHa.H cncTeMa, B Ko

TopoM see CB.H3aHO. 5IBA.HeTC.H AH rrpeMMyn\eCTBOM roAy6.H rrepeA 

'leAoBeKoM HaAH'IHe KphIAheB? A 'ITO 6h1 CTaA AeAaTh 'leAOBeK 

c roAy6HHbIMH KpbIAh.HMH? 

ITocMoTpHM 'IYTh IIOAp06Hee, KaK BeAYT ce6.H 3AeKTpOHhI 

Me~y KaTOAOM H aHOAOM B 3Bf1 co CKpern;eHHbIMH IIOA.HMH 

(pnc. 38). f1oBeAeHHe 3AeKTpOHOB orrHcbrnaeTc.H ABYM.H rrpou;ecca

MM - copTHposKoll: H cpa3HpOBKOH. CopTHpOBKa ycTpoeHa TaK -
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3. Ecrb nu pa3Hu~a. Ky.tW na,n.arb 

3AeKTpOH 1 (pHC. 38), KOTOpblll BhI

IIIeA H3 KaTOAa B TaKOll MOMeHT, 

qTo ITOTOM OH OTAaBaA 3Heprmo 

BOA.He, ITaAaeT Ha aHOA, ITaAaeT H 

OTAaeT 3Heprmo, OTAaeT H OTAaeT ... 

3To xopornHH: 3AeKTpoH. CTAoxoH: 

3AeKTpOH, KOTOpblll BhIIIIeA H3 Ka

TOAa B TaKOll MOMeHT, qTo BOA.Ha 

OTAaBaAa eMy 3Heprmo, TYT JKe 3a

BeprnaeT CBOIO 6HorpacpHIO, Bpe-

3aBIIIHCh B KaTOA. 3aMeThTe, qTo 

TeITepb TOK Ha aHOA 6yAeT HATH 

AaJKe ITPH TaKHX 6oAhIIIHX MarHHT

HhIX ITONIX, ITpH KOTOpbIX paHhIIIe 

(ITpH OTCyTCTBHH 3AeKTpOMarHHT

Horo ITONI) TOK He rneA. Ho ITpo-

PHc. 38. As111:>KeH111e 3JleKrpoHoB 

B 3Bn co CKpeL1.1eHHblMlt1 nom1M1t1 

np111 B3a1t1MOAeii1cTB111111 c 3JleKrpo-

MarHlt1THOii1 BOJlHOiil 

u;eccoM copn:1poBKH AeAo He HcqepIThIBaeTC5L XopornHe 3AeK

TpOHhI He TOAhKO OTAeNIIOTCH OT ITAOXHX, HO H cpa3HPYIOTC51, co-

6HpaIOTC51 B crycTKH, KaK B AEB. ToAhKo crycTKH 3TH Ha3hIBaIOT 

CITHD;aMH H ITOHHTHO IToqeMy- ITpeACTaBbTe ce6e, KaK ABHJKyTCH 

OHH B cHcTeMe, IToKa3aHHoH: Ha pHc. 35. CTo3JKe MhI Y3HaeM, qTo 

H OT ITAOXHX 3AeKTpOHOB eCTh ITOAb3a. 

3aMeTHM, ~o 3AeKTpOHaM He 06513aTeAbHO ABHraTbCH ITO CAOJK

HhIM TpaeKTOpHHM, ITOKa3aHHhIM Ha pHc. 34, 35. EcAM, HaITpH

Mep, Ha pHC. 34 3AeKTpOH AeTHT BAOAh KaTOAa (ropH30HTaAbHO} 

ITpHqeM ITONI ITOA06paHbl TaK, qTo CHA.a, AeHCTBYIOiu;aH Ha Hero 

co CTOpOHhl 3AeKTpHqecKoro ITONI, paBHa CHAe, AeHCTBYIOiu;eH: 

co CTOpOHhl MarHHTHOro ITONI, TO 3AeKTpOH 6yAeT ITPOAOAJKaTh 

AeTeTb ITO ITPHMOH. AerKO BHAeTb, qTo H KpyrOBYIO TpaeKTOpHIO 

MOJKHO opraHH30BaTb TaKHM JKe CITOC060M (pHC. 39). 
Epoca10TcH B rAa3a ABa rAaBHhIX OTAMqHH MarneTPOHa OT AEB: 

«KpyrAoCTh» H «cMernaHHOCTh». CTepBoe, ecAM BhipaJKaThCH Toq

Hee, 3TO 3aMKHyTOCTh 3aMeA.JUlIOiu;eH: CHCTeMbl H 3AeKTpOHHhIX 

TpaeKTOpHH. 06e 3TH «3aMKHyTOCTH» He o6H3aTeAbHhl - eCTh 

ITpH60pbI c OAHOH H3 3THX 3aMKHyTOCTeH: HAM AaJKe BOBCe 6e3 HHX 

(pHC. 39 CAeBa). Ho HMeHHO B03MOJKHOCTh HaAifqHH HAM OTCyT-
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rnasa 5. nonfl CKpeJJ..0188/0TCfl 

+ 

~+ 

Pr.tc. 39. As1-1>1<eH1-1e 311eKTpoHa np11 paseHcrne c1-111 

eTBIUI 3Tl1X 3aMKHyrOeTeH: AeJ\.aeT eeMeHeTBO MarHeTpOHOB eTOJ\.b 

o6nmpHhIM. 

AaAee, «eMernaHHOeTh» - OHa TO)Ke MO)KeT 6bITh Bhipa)Ke

Ha B pa3HOH eTerreH11. Harrp11Mep, B KJ\.11eTpoHe Bee OTAeJ\.bHO -

KaTOA, BXOAHOH pe3oHaTop, rrpoAeTHOe 111\.11 «ApeH:cpoBoe» rrpo

eTpaHeTBO, BbIXOAHOH pe30HaTop 11 KOJ\.J\.eKTOp. <l>YJIKIJ;l111 Beex 

II5ITl1 y3J\.OB BaM y)Ke 113BeeTHhI. ITpaBAa, rrpoMe)KyrO'IHhle pe30-

HaTopb1 AeJ\.aIOT OT'!aeTl1 TO, 'ITO BblXOAHOH, 11 OT'IaeTl1 TO, 'ITO 

BXOAHOH. Ho B .J\EB epeAHMe Tp11 31\.eMeHTa BeerAa eMernaHhI 

B err11pal\.11 - BXOAHa5I ee 'IaeTb B oeHOBHOM MOAYJ\.11pyeT IIY'J:OK, 

BbIXOAHa5I B oeHOBHOM eHl1MaeT e11rHaJ\. e IIY'J:Ka 11 Be5I OHa - rrpo

J\.eTHOe rrpoeTpaHeTBO. B MarHeTpoHe eMernaHo Bee BMeeTe - Bee 

ero ee'IeH115I 3KBl1BaJ\.eHTHhI, Bee OHl1 eoAep)KaT Kyeo'IeK KaTo

Aa, Kyeo'IeK rrpoJ\.eTHOro rrpoeTpaHeTBa, Kyeo'IeK aHOAa (p11e. 40) r 
cpOTO 13 - 11, KOHe'IHO, Kyeo'IeK 3aMeAJ\.5IIOIIJ;eH eneTeMhl. 3a

MeAJ\.5IIOIIJ;a5I e11eTeMa B MarHeTpOHe eoeTOl1T 113 pe30HaTopoB, 

a pe30HaTOpbl Moryr 6hITh pa3HhIMl1 (p11e. 41). 
B OTJ\.11'!11e OT .J\EB 11 .J\OB B MarHeTpoHax 3aMeAJ\.5IIOIIJ;l1e 

e11eTeMbl '!aeTO AeJ\.aIOT eoeT05IIIJ;l1M11 113 pe30HaTOpOB, HaeTpoeH

HbIX Ha ABe pe3oHaHeHbie 'IaeTOThI. Ha p11e. 41 errpaBa rroKa3aH 

pa3HOpe3oHaTOpHbIH «aHOAHhIH 61\.0K» e pe30HaTopaMl1 IIJ;eJ\.eBO

ro nrna. TaKa5I KOHeTpyKIJ;l15I Ha3hrnaeTe5I BeebMa poMaHTM'IHO -

«BOeXOA5J:IIJ;ee eOJ\.HIJ;e». 0AH11 11 Te )Ke BeIIJ;l1 MO)KHO Ha3BaTh IIO

pa3HOMy. Mo)KHO - «pa3Hope3oHaTopHhIH IIJ;eJ\.eBoH: aHOAHhIH 
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3. ECTb nu pa3Huu,a, KYJW na.n.arb 

fr 
8 

a HOLi; 

- pe3ottaTOp 

PMc. 40. MarneTpOH c pe30HarnpaM111 nma ll.19Jlb-OTBepcrne 

PMC. 41. 3aM9AJ15110ll.lt.19 Ct.1CT9Mbl MarHeTpOHOB - 11onaTOYHOro rnna CJleBa, 
ll.le11esoro - cnpasa 

6.1\.0K», a MO)KHO - «BOCXOAHrn;ee co.l\.Hu;e». /:05l Toro, qT06hI Ha-

3BaTh Kpac1rno, HMO 11MeTh B03MO)KHOCTh XOTH 6hI Ha rrnTh Ml1HY'f 

3ClAY~IaThCH o BOCXOAe coAHu;a, a AAH 3Toro H)7)KHa TPYAHOyAoB11-

MaH Bern;h - )Ke.l\.aH11e AYMaTh o TOM, qTo6hr Ha3BaTh Kpac11Bo. 

Hy)KHO TO cqacT.l\.MBOe COCTOHHl1e Ayrrr11, KOTOpoe C03AaeTCH 

TPYAHOH, HO IIOCl1.l\.hHOH pa6oToH 11 orn;yrn;eH11eM cBo6oAhI Bhr6opa 

poAa AeHTe.l\.hHOCTl1 Boo6rn;e 11 KOHKpeTHOH 3Maq11 11 IIyr11 ee 

pe11IeHl1H B qacTHOCTl1. 
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r11asa 5. nonfl CKpeUJ,MBa/OTCfl 

MHoroe CBH3aHo B HaIIIeH: )IUI3Hl1 c pa6oTo:H. TpyAHO cKa-

3aTb, 6oAee AH C'IaCTAHBbI Te, y KOro 3TO «MHOroe» 60AbIIIe, 

'IeM y Apyr11x - KaK cpaBH11BaTb? Ho Te, KTO MHoro pa6oTaIOT, 

He corAaIIIaIOTCH pa6oTaTb MeHhIIIe. AaYKe TOrAa, KOrAa 0KpyYKa-

10rn;aH /K.113Hb - TO eeTb OKpyYK.a10rn;11e AIOA11 - aKT11BHO MeIIIa

IOT pa6oTaTh. 0 rreperrAeTenm1 pa6oTbI 11 YK113Hl1 paceKa3hIBaeT 

eA11HeTBeHHaH XYAOYKeeTBeHHaH KH11ra, Ha3BaHHaH 11MeHeM 3BIT 

CBY:. Kmrra «MarHeTpOH» orry6AHKOBaHa B 1957 roAy cp11311KOM 

r. 11. Ea6aTOM 11 rr11caTeAbHm.i;eH: A. A. fapcp. 0Ha paeeKa3hIBa

eT 0 BpeMeHax, KOrAa rrepeA cp11311KaM11 BeTaA Borrpoc, IIO'IeMy 

Ha 3KpaHax aMep11KaHeK11x paAapoB He B11AHhI, a Ha 3KpaHax an

rA11H:eK11x paAapoB B11AHhI rrep11cKOIIhl Hau;11cTeK11x IIOABOAHhIX 

AOAOK, ITOAKPMbIBaIOrn;Hxc.SI K 6eperaM AiffAMH. Mnorope3oHa

TOpHbIH MarHeTpOH ern;e He 6bIA H306peTeH. PaAapbl 11CIIOAb30-

BaAH: AaMIIbI e 3AeKTpoeTaTH'IeCK11M yrrpaBAeH11eM 11Afi «MarHe

TPOHbI e pa3pe3HbIM aHOAOM» - rrpeAIIIeCTBeHHHK11 MHorope3o

HaTopHbIX. A Borrpoe, BHAHO HAM He Bl1AHO - AAS! Hae He Borrpoe: 

AAHHa BOAHbl, KOTOpyIO reHepHpOBaAH: aMepHKaHeK11e MarHeTpo

HbI, 6hIAa 60Abllle AHaMeTpOB rrepHCKOIIOB, a AAHHa BOAHbl, KOTO

PYIO reHep11poBaAH: aHrAHHCKHe, 6bIAa MeHbIIIe. 11 MHor11e APY

n1e TOrAaIIIHHe BOIIpoehI ceH:'IaC AAS! Bae He BOIIpOebI ... 11CTOpH51 

TeXHHKH HeOTAeAHMa OT HCTOpHH AIOAeH. 11 TOrAaIIIHHe BOIIpOChl 

eMeHHAHeb eerOAHHIIIHHMH, He MeHee Ba/K.HbIMH. To eCTb, KaK 

rOBOpHT, /K.H3HeHHO Ba/K.HbIMH. 

4. Pa3nO>Kll'IM no nono'4KaM 

fAaBHOe, 'ITO OTAM'IaeT J\EB OT J\OB - 3TO HarrpaBAeHHe 

pacrrpoeTpaHenm1 3AeKTpoMarHHTHOH BOAHbI. KyAa OHa pacrrpo

CTpaHHeTCH B MarHeTpOHe - no HAM rrpOTHB 3AeKTpOHHOro IIO

TOKa? 3arrOMHHM BOIIpoe H IIOHAeM AaAbIIIe. 

Ha HMeIOrn;HxeH B 3TOH: rAaBe pHeYHKax H3o6paYKeHhI ABe 

pa3Hbie «reoMeTpHH» - AHHeH:HaH HAM D;HAMHAPH'IecKaH. B 'IeM 

HX rrpHHD;HIIHaAbHOe pa3AH'!He? ToAbKO AH B TOM, 'ITO AHHeHHaH 

3aMeAASJIOrn;a.a: CHeTeMa HMeeT OTAeAbHbie BXOA H ,BbIXOA, a D;H

AHHAPH'IeCKaH 3aMeAASJIOUJ;aH eHCTeMa MO/K.eT HX HAM HMeTb (He-
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4. Pa3nO)((MM no nono11KaM 

3aMKHyra51) Milli He MMeTh (3aMKHyra51). KaK B MarHeTpOHe? 3a

IIOMHMM M 3TOT sorrpoc. 

0TKyAa 6epeTOI B 3BI13AeKTpOHHbIH IIOTOK? B MarHeTpOHe 

ero C03AaeT BC51 rrosepxHOCTh KaTOAa, BAOAh sceil 3aMeAA5110ru;eI1 

CMCTeMhl, a HeAb351 AH BBOAHTb, «HH)KeKTHpOBaTb» 3AeKTPOHHhIH 

IIOTOK H3BHe, OT OTAeAhHOro KaTOAa - KaK B J\EB? 

:VfTaK, BOT Hanrn BOIIpOChI: rrp51Ma51 Hilli o6paTHa51 BOAHa, illi

HeilHa.SI Milli D;MilliHApMqecKa.SI reoMeTpH.SI, 3aMKHyra.SI Hilli pa30-

MKHyra51 3aMeAA51IOru;a51 CMCTeMa, 3aMKHyrhlH, Hilli pa30MKHyrhIH 

3AeKTPOHHhlH IIOTOK, HHCIIeKTHpOBaHHbIH HJlli co6CTBeHHhlH rro

TOK. Ha Ka~hlll H3 3THX BOIIpOCOB MO)KeT 6hITh ABa OTBeTa H, 

CAeAOBaTeAbHO, OTBeTaMH Ha 3TM BOIIpOChl Moryr 6bITh 25 = 32 
TMrra rrpH6opa. OAHaKo He Bee coqeTaHH51 OTBeTOB AOIIYCTHMhl. 

reoMetpHll RHHeilHaJI lUIJIJlllilPll'!ecKaJI 

3], IlOTOK pa30MKH. Pa30MKH. JaMKH. 

JaMe)IJI. CHf. 
pa30MKH. pa30MKH. JaMKH. pa30MKH. JaMKH. 

'.lJI. OOTOK mu: COii Jffil( COii Jffil( COii Jffil( COii Jffil( COii 

IlP\OliP IIP PliP rr.~~P II BP • • • • ,I • • BoJIHa 

\ : ~ (r' CT CT IIP OliP IIP OliP CT CT 

v v v 
""' :i: :i: 

= 
oo :i: :i: :i: 

~ 0 ~ ~s 0 0 0 
3BII ~ ~ c. 

al ~ al ~ :i: 
f; 

~ ~ II 
IQ ~ 0 c.= ~ ~ :i: 
e:: = ~ u ::I " u ~ 

IO ~ ~ l:l ~ = ~ IO 

P..ic. 42. K11acc1t1c)>1t1Kau,1t15l CBL! 3Bn M-rnna 
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r11asa 5. nonfl CKpeW,/1188/0TCfl 

He Moryr 6hITb 3aMKHyrhI 3aMeAAfIIOUJ;a.SI CHCTeMa H 3.1\.eKTpOH

HhIH IIy<IOK B rrptt6opax c .l\.HHeHHOH reoMeTptteH:. 

AMee, MarHeTpOHhI - rrptt6opb1 c 3aMKttyroH: 3aMeAAfIIOUJ;eH: 

CHCTeMOH pa6oTaIOT B peJKHMe, KOrAa KO.l\.e6aHH.SI B coceAHHX pe-

30HaTopax HaXOA.SITC.SI B rrpoTHBocpa3e. B 3TOM CAyqae no cepeAH

He MeJKAy pe30HaTopaMH Harrp.SIJKeHHOCTb 3.1\.eKTpHqecKoro IIOJ\.SI 

pasHa HYJ\IO H rro3TOMY BOJ\Ha B MarHeTpoHe - He rrp.SIMa.SI H.l\.H 

o6paTHa.SI, TO ecTh 6erym;a.SI, a cTo.Siqa.SI. 

HaKoHeu;, 3aMeTHM, qTo ec.l\.H H 3.1\.eKTpOHHhIH rroToK H 3a

MeAN110m;a.SI CHCTeMa He 3aMKHyrhI, TO HeT rrpHHll;HIIHa.l\.hHOH 

pa3HHll;hI MeJKAy AHHeH:HoH: H u;HJUIHAPHqecKoH: reoMeTpHeH:. OT

CIOAa CB.SI3KH B .l\.eBOM HHJKHeM yrAy Ta6.l\.Hll;bl. :V!TaK, IIOCMOTpHM 

Ha Ta6.l\.Hu;y (pnc. 42). B HHJKHeH: ee qacTH YKa3aHhI Ha3BaHH.SI He

KOTOphIX Hatt6oAee yrroTpe6ttTe.l\.hHhIX THITOB 3BIT CB4 co cKpe

m;eHHhIMH rroMMH. A ocTa.l\.hHhie KJ\eToqKH? MoJKHo, KoHeqHo, 

CKa3aTb, qTo pa3 TaKHX rrpH6opoB HeT H.l\.H OHM He HaIII.l\.H IIIHpo

KOrO rrpHMeHeHH.SI, TO 3HaqHT TaM Heqero H HCKaTh. Ho MOJKHO 

IIOAOHTH HHaqe H qTo-TO HallTH. 

5. ManeHbKll1M KaTOA noaeonS1eT 
BblKll1HyYb 6onbWYIO cxeMy 

<Dpa3a «KaTOA - cepAu;e 3.1\.eKTpOHHoro rrptt6opa» AOCTa

TOqHo IIIHpOKO H3BeCTHa. CMbIC.I\. 3TOH cppa3bl B TOM, qTQ rra

paMeTpbI 3BIT BO MHOrHX C.l\.y<Ia.SIX orrpeAe.l\..SIIOTC.SI rrapaMeTpaMH 

KaTOAa, a qTo AO cpoKa cAyJK6hI 3BIT - TaK OH rroqTH BCerAa 

orrpeAe.l\..SieTC.SI KaTOAOM. Ho B MarHeTpoHe cttryau;H.SI COBepIIIeHHO 

oco6a.SI. Llacn, 3.1\.eKTpOHOB, 3MHTTHpoBaHHhlX KaTOAOM, B03Bpa

m;aeTC.SI Ha Hero, rrpttqeM He IIOAIIO.l\.3aeT K HeMy Ha KapaqKaX, 

IIOTpaTHB BCIO 3HeprHIO, a Bpe3aIOTC.SI, HMe.SI BIIO.l\.He rrpH.l\.HqHylO 

cRopocTh. ITpasAa, 3Ta 3Heprtt.SI AOCTMacb 3.1\.eKTpoHaM Herrpa

BeAHhIM rryreM - OHa «YKPdAeHa» y 3.1\.eKTpOMarHHTHOll BOJ\Hhl, 

HO KaTOAY OT 3Toro He J\erqe. Bo3BpaT qacTH 3.1\.eKTpOHOB Ha KaTOA 

c 3HeprHell 03HaqaeT HarpeB KaTOAa. 11HOrAa MOUJ;HOCTb, rrocry

rra10m;a.SI Ha KaTOA, TaK Be.l\.HKa, qTo ero rrpHXOAHTC.SI He Harpe

BaTh, a oXAaJKAaTh. Ho 3.1\.eKTpOHHa.SI 6oM6apAHPOBKa He TOJ\hKO 
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5. ManeHbK11Jlt KaT0/1. no3aonHer BbtK11HyTb 6onbwyt0 cxeMy 

HarpesaeT KaTOA. ITpHXOMI~He Ha KaToA 3AeKTpOHhI BhI6HBaIOT 

H3 Hero BTOpHqHhle 3AeKTp0HhI. 3TOT BHA 3MHCCHH Ha3h!BaeT

C51 BTOpHqHoH 3AeKTpOHHOll 3MHCCHe:H. l.lacTO BTOpHqHa51 3AeK

TpOHHa51 3MHCCH51 OKa3hIBaeTC51 AOCTaToqHa, qTo6hI MarHeTpOH 

pa6oTaA TOAhKO 3a ee cqeT. KoHeqHo, H36asH:ThC51 OT HaKaAa AO

BOAhHO co6Aa3HHTeAhHO, Il03TOMY TIOCT051HHO BeAYTC51 ITOHCKH 

MaTepHaAOB c 60AhIIIOH BTOpHqHOH 3MHCCHeH. 0AHaKO - KaK 

H CAeAOBaAo O/KHAaTh - MaTepHaAbI, HMeIO~He 60AhIIIYIO BTO

PWIHYIO 3MHCCHIO, 6hICTpo pa3pYIIIaIOTC51 6oM6aPAHPYIO~HMH 

KaTOA 3AeKTpoHaMH. Ho 3TO He caMoe HHTepecBoe. 

BcnOMHHM, qTo TaKoe J\OB, CHHXpOHH30BaHHa51 BHeIIIHHM 

reHepaTopoM. l.fro 6yAeT, ecAH He TIOAaTh Ha ee BXOA, KOTOphIH 

HaXOAHTC51 OKOAO KOMeKTOpa, CHHXpOHH3YIO~HH CHfHaA? 0Ha 

6yAeT He oqeHh CTa6HAbHa. To eCTh, eCAH Mhl XOTHM, qTo6hI TaKa51 

AaMna reHepnpoBaAa HMTIYAhCHhIH CHfHaA BIIOABe onpeAeAeHHOH 

qacTOThl, HaAO TIOAaBaTh HaIIp51JKeHHe ITHTaHH51 TOAhKO Ha BpeM51 

HMnyAhcos. AeAaeT 3TO AOCTaToqHo 6oAhIIIa51 cxeMa, Ha3hrnae

Ma51 MOAYMTOpOM. 3aMeTHM, qTo BhIXOAHa51 AaMna MOAYA51Topa 

AOAJKHa nporrycKaTh qepe3 ce651 BCIO MO~HOCTh ITHTaHH51 3BIT. 

TaK qTo MecTa 3Ta cxeMa 3ffHMeT 60Ahllle, qeM TOT 3BIT, KOTO

poMy OHa H 6yAeT MOAyAHposaTh nHTamfe. Ho 6e3 MOAYA51Topa 

He o6oH:THCh. Teneph npeACTaBHM ce6e ycHAHTeAh - KAHCTpoH 

HAH J\EB. ITycTh HaM HaAO, qTo6hr OH pa6oTaA B HMTIYAhCHOM 

peJKHMe. On51Th HyJKeH MOAYMTOp - BeAh ecAH aHOAHOe Hanp51-

JKeHHe TIOAaBaTh Ha KAHCTpOH HerrpepbIBHO, Ha ero KOMeKTOpe 

6yAeT BhlAeA51TbC51 TaKa51 MO~HOCTh, 'ITO OH pa3pYIIIHTC51 6bICT

pee, qeM BhI ycrreeTe CKa3aTh «OH»! 

A BOT B MarHeTpOHHhIX ycHAHTeMx 6e3 MOAYMTopa HHOr

Aa MOJKHO o6oH:THCh. AeH:cTBHTeAhHO, npeACTaBHM ce6e npH6op 

c XOAOAHbIM KaTOAOM, 3MHTIHPYIO~HM TOAhKO 3a cqeT BTOpHq

HOH HAH aBT03AeKTpoHHOH 3MHCCHH. ITpH HaAHqHH Ha AaMrre 

HanpHJKemrn, HO npH OTCYTCTBHH CBl.l-cHrHaAa Ha BXOAe TOK 

Teqh qepe3 AaMny He 6yAeT. PeAKHe 3AeKTpOHbI, BhICKoqHBIIIHe 

H3 KaTOAa, 6YAYT MHpHO yAeTaTb Ha aHOA H ... H Bee. Tenepb TIOAa

AHM Ha BXOA AaMnhr CBl.l-cHrHaA. Koe-KaKHe H3 3THX 3AeKTpOHOB 

6YAYT IlOTiaAaTh B TOpM0351~ee ITOAe H B03Bpa~aThC51 Ha KaTOA. 

113 



rnasa 5. nonfl CKP8UJl188/0TCfl 

Bo3Bparn;aThC5I M BhI6MBaTh M3 Hero BTopwrnhle. 11 ecl\ll Ha OAMH 

rrepBMqHhlH BhIAeTeBIIIHH lf3 KaTOAa 3AeKTpOH 6yAeT rrpMXOAMTh

C5I B cpeAHeM 60J\.hIIIe OAHOfO BTOplfqHoro, TO HaqHeTC5I AaBMH

HhIH rrpou;ecc JMHO)KeHM5I 3AeKTpOHOB. Yepe3 AaMrry rroi1AeT TOK. 

flpM6op HaqHeT ycMAHBaTh. 

3To Ha3hrnaeTc5I 6e3MOAYA5ITOpHoe IIMTaHMe. Ho AA5I pa6oThI 

3BTI B TaKOM pe)KM:Me OH AOA)KeH MMeTh KaTOA c BhlCOKOH BTO

pliqHOH 3MMCCMeli. BOT lf OII5ITh IIOTpe60BaAC5I xopOIIIMH KaTOA ... 

YToqHMM, ~o TaKoe B AaHHOM cAyqae xopoIIIMH. KoHeqHo, 

KaTOA MarHeTpOHa, ecl\ll AA5I pa60Thl AaHHOfO MarHe'l'pOHa tty)KHa 

TepM03MMCCM5I, AOA)KeH MMeTh BCe Te xopOIIIMe CBOHCTBa, KOTOphie 

AOA)KeH MMeTh TepM03AeKTpOHHhIH KaTOA. Hy)Kttyro 3MMCCMIO, 

He CJ\llillKOM 60Ahll1YJO CKOpOCTh MCIIapeHM5I, AOCTaToqHhIH cpoK 

CAy)K6hI, crroco6HOCTh pa6oTaTh B TOM BaKYJMe, KOTOphIH 6yAeT 

B rrpM6ope. KaKMe cBolicTBa AOA)KeH MMeTh KaTOA KaK BTOpMqHo-

3AeKTpOHHhIH KaTOA? OH AOA)KeH coxpaH5ITh Bee CBOM cBolicTBa 

rrpM HaJ\.lfqlflf 3AeKTpOHHOH 6oM6apAMPOBKM, MMeTh AOCTaTOqHhIH 

cpoK CAy)K6hl B 3TMX ycAOBM5IX lf, HaKOHeu;, MMeTh AOCTaTOqHYIO 

BTOplfqHYIO 3MMCCMIO. Ko3cpqmu;MeHT BTOpliqHoH 3MMCCMM BCex 

MaTepMaAOB 3aBMCMT OT 3HeprMM rrepmiqHhIX 3AeKTpOHOB TaK, 

KaK ITOKa3aHO Ha pMC. 43. Ko3cpcpHu;MeHT BTOpwrnoH: 3MMCCMM -

OTHOIIIeHMe KOAM:qecTBa yAeTaIOIIJ;MX OT KYCKa MaTepMaAa 3AeK-

a 

PHC. 43. 3aBl1Cl1MOCTb K03cpc)l11u.11eHTa BTOPWIHOlil 3Ml1CCl111 

OT 3Heprn11 nepB11YHblX 3Jl0KTpOHOB 
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6. Kor,ll,a ace yn11paercfl a rexHonor1110 

TpOHOB K KQJUlqecTBY rrp11AeTeBIIHIX. TaK BOT, 3Heprm1, KOrAa 

er = 1, Ha3hrnaeTc.si: «nepBhIR Kp11T11qecK11ii rroTeHQHaA» - E 1 • 

3Hepr11.si:, KOrAa AOCTHraeTCH MaKCl1M)'M er, paBHhIR Um - 3TO 

Em. 3Tl1 Tp11 BeJU1q11HhI - er m, E 1 , Em - 11 BiUKHhI AAf! pa60ThI 

3Bf1 . .IKeAaTeAhHO, qT06b1 crm 6bIAO no6oAhIIIe, a E 1 - noMeHhIIIe; 

3TO TaK ecTeCTBeHHO! - )KeAaHHe noAyqHTh no60AbIIIe, noTpa

Tl1B noMeHbIIIe 3Hepr1111. Ho - HeT B MHpe COBepIIIeHCTBa -

KaK CKa3aA AMC 113 «MaAeHbKOrO npHHQa» 11.1\H M11p He C03AaH 

no qeAOBeqecKoMy 3aKa3y - (no KpaiiHeii Mepe no 3aKa3y pa3-

pa60~11KoB 3Bf1 CBY) cKa3aA 6bI .si: - y MeTaAAOB Um MaAO 

11 BeAMKO E 1 , HO HM He cTpaIIIHa 3AeKTpOHHa.si: 6oM6apAHPOBKa, 

a y A113AeKTp11KOB AyqIIIe Um 11 E 1, HO Hl13Ka CTOHKOCTh K 3AeK

TpOHHOMy o6AyqeHl1IO. l1cTop11.si: KaTOAOB MarHeTpOHOB - 3TO 

11CTOp11H no11cKOB KOMn0311Ql10HHblX MaTepHaAOB, coqeTaIOIQHX 

AyqIII11e cBoiicTBa MeTaAAOB 11 AH3AeKTpHKOB ... 1160 qeM 6oAbIIIe 

Um 11 Em. TeM 60AblllyIO MOIQHOCTh MO)KHQ noAyqHTh Ha BhIXO

Ae MarHeTpOHHoro yc11AMTeAH, a qeM MeHhIIIe E 1 , TeM MeHhIIIyIO 

MOIQHOCTh HMO nOAaBaTh Ha era BXOA. 

6. KorAa ece ymtpaeTcR e TexHonon110 

AoBOAhHO qacTo. Oco6eHHO, ecAM nonhITaTbc.si: CAeAaTh ~o-To 

HOBoe. KoHKpeTHO, Ha Kpa.si:x ocBoeHHoro AHana3oHa napaMeTpOB. 

f1p11 nonhlTKax CAeAaTh 3Bf1 peKOPAHOH MOIQHOCT11, KCTA l1Al1 

qacTOThl l1Al1 c peKOPAHhlM coqeTaHHeM HeCKOAhKl1X napaMeTPOB 

OKa3bIBaeTCH, qTo AH60 HeAb3H CAeAaTb TaKyIO KOHCTpyKQHIO, KaK 

xoqeTCH, AH60 CAeAaTh MO)KHO, HO HeT MaTepHaAOB, np11 np11MeHe

Hl1l1 KOTOpbIX BCe 3TO CMO)KeT pa6oTaTb. BhIXOAOM M3 IlOAO)KeHMH 

HBAHeTCH 06blqHo C03AaHHe MAH HOBOR TeXHOAOr1111, Il03BOAHIO

IQeR cerOAHH CAeAaTb TO, qTQ HeAb3H 6hIAO CAeAaTb Bqepa, MAH 

HOBhlX MaTepMaAOB, n03BOAHIOIQl1X npM6opy pa6oTaTb B ycAOBM

HX, B KOTOpbIX CTapbie MaTep11aAbl «He cnpaBAHIOTCH». BnpoqeM, 

HOBhie MaTepMaAbl - 3TO, KaK npaBHAO, HOBaH TeXHOAOru.si:. 

TexH0AorMqecK11x npo6AeM B MarHeTpOHe MHoro. OcTaHo

BMMCH Ha AByx. CTepBa.si: - npo6AeMa o6ecneqeHMH MaAblX pa3Me

poB M MaAhIX AonycKoB (To ecTh ToqHhlx pa3MepoB). 3Ta npo6Ae

Ma o6IQa.si: y Bcex 3Bf1 CBY, HO, corAac11Tecb, HaMoTaTh cnMpaAb 
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r11asa 5. no11R CKpeLJ..JUB8/0TCFI 

AI-IaMeTpoM 1 MM AAfl AEB rrpo11w, t.IeM CAeAaTh aHOAHhlH 6AoK AAfl 
MarHeTpOHa AHaMeTpOM 1 MM. flpHMeH5!IOT rra:i1:Ky (AAfl pe30-

HaTopoB AorraTO'IHOfO THrra)' BhIAaBAMBaHHe' 3AeKTpOHCKpOByIO 

H 3AeKTpOXHMH'leCKyIO o6pa60TKy, pe3KY H «CBepAeHHe» 3AeK

TpOHHbIM Ayt.IOM, HaKoHe:u; H Bee TPMHI.J;HOHHhie BHAhl MeTaA

Aoo6pa6oTKH. KpoMe, IIO/KaAyH, MOAOTKa; HO BeAh H qacbl HM 

o6hit.IHO He co6HparoT. BhIAaBAMBamieM YAaeTc5! H3fOTaBAHBaTh 

CHCTeMhl c TOAII.J;HHOH AOIIaTOK B 0, 1 MM, a AOrrycKa Ha pa3Mephl 

rrpH 3AeKTpoHcKpoBo:i1: o6pa6oTKe cocTaBMIOT 1 MKM. CTaHAapT

Hoe cpaBHeHHe - AHaMeTp BOAOCa 0,05 MKM HAM 50 MKM. KorAa 

/Ke pa3Mepbl aHOAHOfO 6AOKa CTaHOB5!TC5! MeHhllle 1 MM, HAyT 

Ha TaKoe yxm1weHHe - AeAaIOT OTAeAhHhie IIAaCTHHhl H3 cpOAb

fH TOAII.J;HHOH 10-20 MKM H CKAMhIBaIOT aHOAHhlH 6AOK H3 TaKHX 

IIAaCTHH. 0TBepCTH5! /Ke CAO/KHOH cpopMbl B cpoAbre AeAaIOT MeTO

AaMH, 3aHMCTBOBaHHhIMH H3 rroAyrrpoBOAHHKOBOH TeXHHKH (Ha

rrpHMep, cpOTOAHTorpacpHeH) H II03BOA5IIOilJ;HMH IIOAyt.IaTh MHK

pOHHble pa3MephI. 

flo Mepe YMeHhllleHH5! pa3MepoB H YBeAMt.IeHH5! Morn;HocTH 

(P/2 !) YBeAMt.IHBaeTC5I IIAOTHOCTb MOilJ;HOCTH (BT/CM2 ), BhIAeMIO

rn;elic.sI Ha BHyTpeHHeli rroBepxHOCTH aHOAHoro 6AOKa, KYAa rro

IIMaIOT rrpHHoc.s1rn;He ee 3AeKTpOHhI. flo3ToMy 3TY Hect.IaCTHyIO 

IIOBepXHOCTh IIOKpbIBaIOT MOAH6AeHOM HAM BOAbcppaMOM, HAM /Ke 

AeAaIOT aHOAHhlH 6AOK H3 XHTpOH 3afOTOBKH - MOAM6AeHOBOfO 

rrpyTKa, 3aAHToro MeAhIO. AHaMeTp rrpyTKa BhI6HpaeTc5! HeMHoro 

60AblllHM BHyTpeHHero AHaMeTpa aHOAHOfO 6AOKa. 

KoHet.IHO, rrpo6AeMa o6ecrret.IeHH5! MaAbIX pa3MepoB H AO

rrycKoB BCTpeqaeTc5! H B APyrHx o6AacT5!X TeXHHKH. Ho BOT BaM 

BTOpOH rrpHMep - rrpHMep rrpo6AeMbl, IIOJKaAyH, COBCeM crre:u;H

cpHt.IeCKOH. HacKOAhKO fAMKOH AOA/KHa 6b1Th rroBepxHoCTh AeTa

Aeli? Ko3cpcpH:u;HeHT TpeHH5! 3Hat.Iemrn He HMeeT, «6AecK» To/Ke, 

TaK KaKa.sI /Ke pa3HH:u;a, rAMKO HAM He ot.IeHh? Ho pa3HH:u;a ecTh. 

flycTb ITO IIOBepXHOCTH rrpoTeKaeT TOK. B o6AaCTH BhlCOKHX 

t.IaCTOT TOK KOHI.J;eHTpHpyeTC5! y IIOBepXHOCTH AeTaAH (CKHII-3cp

cpeKT). EcAM 1I1epoxoBaToCTh MeHhllle TOAII.J;HHhI, B KOTopo:i1: co

cpeAOTOt.IeH TOK, TO lllepoxoBaTOCTh MelllaeT pa6oTe MaAO (pHC. 44 
cAeBa). EcAM 1I1epoxoBaTOCTh 6oAhllle (pHc. 44 crrpaaa), To rryTh 
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]KH~-
CJIOH )~ 

I// \\ - -- -
P11tc. 44. CKHH-3<!J<!JeKT Ha wepoxosaroilr nosepxHocrn 

3.1\eKTpoHos yseAMq>rnaeT01. CAeAOBaTeAhHO yseJ\Mq;rnaeTc51 co

rrpoTHB.l\eHHe H ITOTepH MOrn;HOCTH. 

3aMeTHM, qTo ~a:>KHO, KaK HMeHHO «ycTpOeHa» rnepoxosa

TOCTb. Ec.l\M AeTaAh Ill.l\McpOBa.l\ach B OAHOM Harrpas.l\eHHH H TaK, 

qTo TOKH rrpoTeKaIOT BAOAh «OBparOB», TO yse.l\MqeHH51 corrpOTHB

.l\eHH51 He 6yAeT. Ec.l\M :>Ke TOK «B36HpaeTC51 H Hbip51eT», TO ITOTepH 

MOrn;HOCTH HeH36e:>KHbI. 0TCIOAa MOpaAh - ITOACTHAa51 CO.l\OMKY 

TaM, rAe saM rrpeACTOHT yrracTh, AYMa:iiTe, KAaCTh saM ee BAOAh 

H.l\M rrorrepeK. 

OTCTynneHMe 4 - o MaTepManax 

J\106a51 sern;h Ae.l\aeTcH H3 qero-To. A HMeHHO H3 MaTepHa

.1\0B. BoT o MaTepHMax 3.1\eKTpoHHhIX saKYYMHbIX rrpn6opos MhI 

H rrorosopHM. MaTepHMOBeAeHHe 3BTI - o6AaCTh TeXHHKH, Ae

:>Karn;a51 Ha rrepeceqeHHH AByx 06.1\aCTeH TeXHHKH - «TeXHHKH 

3BTI» H «o6rn;ero MaTepHMOBeAeHHH». Tio3TOMY TeMa «MaTe

pnMoBeAemrn 3BTI» MO:>KeT 6bITb ITOCTpoeHa TaK - MaTepHaAhI 

paccMaTpHBaIOTC51 B COOTBeTCTBHH c 06hiqHOH cxeMOH KAaCcHcpH

Kau;HH, HO see BpeMH OI1HChIBaIOTC51 oco6hie Tpe6oBaHH51 K MaTe

PHa.l\aM, rrpoHcTeKaIOrn;He H3 TeXHHKH 3BTI. Bo3MO:>KeH, srrpoqeM 

H Apyro:H ITOAXOA - CTpOHTh cxeMy paccMOTpeHHH MaTepHMOB 

HCXOA51 TOAhKO H3 rrpo6.l\eM TeXHHKH 3BTI. TiocKOAhKY HaM Hy:>K

Ha He CTOAhKO AeTaAhHOCTb, CKOAhKO o6rn;H:H B3r.1\51A Ha o6AaCTb, 

MhI H36epeM rrepBbIH ITYTh. CHaqaJ\a. A rroToM paccMOTpHM rrpo-

6.1\eMhl HMeHHO 3BTI. 

HaqHeM c caMoro rrpocToro - c MarHHTHhIX MaTepHMOB. 

B 3BTI MarHHTHhle MaTepHaAhI rrpnMeH51IOTC51 B BHAe: a) rro

CTOHHHhlx MarHHTOB, C03AaIOrn;Hx MarHHTHbie IT0.1\51 B rrpH6opax 
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M-nurn H AEB, AOB H TaK AaAee; 6) MarHHTHOM51TKHX MaTepn

aJ\.OB, H3 KOTOphIX AeJ\.aIOTC5l HHOrAa qaCTH o60J\.OqKH npn6opoB 

M-Tnna, KOrAa 3TH qacTH o6oAoqKn HaXOA51TC5l Ha nyrn CHJ\.OBhIX 

J\.HHHR MarHHTHoro noJ\.51. B nepBOM CJ\.y<Iae HHKaKOR 3BCT-cne

u;mpHKH HeT: nOH51THO, qTO MarHHT AOJ\.JKeH C03AaBaTh TO noJ\.e, 

KOTopoe HaM HdAO, B TOM o6'heMe, B KOTOpOM HaM HdAO npH HaH

MeHhIIIHX CBOHX pa3Mepax H Bece. Bo BTOpOM CJ\.yqae cwryau;H5I 

HHa51 - MarHHTHOM5lrKHR MaTepHaA, KaK H J\.I06oli MaTepHaA, 51B

J\.5ll0Iu;HRC51 qacThIO 0601\.oqKlf npn6opa, AOJ\.JKeH o6ecneqnsaTh 

MaJ\.Oe npOHHKHOBeHHe ra30B H3 aTMOCcpepbl B o6'heM npn6opa 

nyreM Alfcpcpy3HH. CTpo6AeMy AHcpcpy3HH ra30B qepe3 MaTepna

J\.hI MhI paccMoTpHM no3:>Ke. KpoMe Toro, TaKoli MaTepHaAAOJ\.JKeH 

caM MaJ\.O BhIAeJ\.51Th ra30B B 06'beM npn6opa noMeHbIIIe. 06 3TOM 

TO:>Ke norOBOpHM no3:>Ke. 

CAeAyiom;n:H KAacc MaTepHaAOB - KOHCTPYKu;HOHHhle, TO 

eCTh Te, H3 KOTOphIX CAeJ\.aHa KOHCTp)'Ku;H5I. Co6CTBeHHO Bee, 

qTo Mhl BHAHM KpyroM KOHCTp)'Ku;HH - OT nTHu;hl AO 6aJ\.hHOrO 

nAaTh5l, OT paKeThI AO 31\.eKTpOHHOR AaMnhI. CTapdJ\.J\.e.l\.H 6hIBa

IOT noTp51caiom;n: no OAHOMY npnHu;nny nocTpoeHhI o6oAoqKH 

paKeT H :>KeHCKHe nAaTh51 (H3o6peTeHHhlll B 1922 rOAY MdAeMya-

3eJ\.h BnoHe «AHaroHaJ\.hHhili Kpoli»). TaK BOT, KOHCTp)'Ku;HoHHhie 

MaTepHaJ\.hI AJ\.51 3BCT AOJ\.JKHhl YAOBAeTBOp51Th TeM :>Ke Tpe6osaHH-

51M, qTO H npoqtte KOHCTp)'Ku;HOHHhie MaTepHaJ\.hl - npoqHOCTh 

nptt pa6oqnx TeMnepaTYPax, :>KeCTKOCTh (BhICOKHli MOAYJ\.h lOHra) 

on51Th :>Ke npH pa6oqnx TeMnepaTYPaX, B03MO:>KHOCTh COeAHHe

HH51 c APyrHMH MaTepnaAaMH ( 06 3TOM MhI norosopHM oco6o). 

Cneu;ttcpnqecKoe 3BTI - Tpe6osaHne: MaAoe ncnapeHne npH 

pa6oqnx TeMnepaTYPaX. l{aCTO em;e Tpe6yioTC51 BhICOKa51 TeIIAO

li 3.1\.eKTponpOBOAHOCTh, ec.l\.li no COOTBeTCTByIOiu;HM qacT51M KOH

CTp)'Ku;HH npoTeKaeT TenJ\.O H 31\.eKTpnqeCKHR TOK. A ec.l\.li, Ha

o6opoT, He AOJ\.JKHhI npoTeKaTh, TO HH3Ka51 TenAO- H 31\.eKTponpo

BOAHOCTh. TiepexOAHM K npo6AeMe 31\.eKTponpOBOAHhIX H li30J\.51-

u;ttoHHhIX MdTepHdJ\.OB. 

TipOBOAHHK AOJ\.JKeH HMeTh B03MO:>KHO 6oAee Hli3KOe conpo

THBJ\.eHHe. CTaAO 6hITh - MeAh. A ec.l\.li HdAO 6opoThC51 3a Kpoxn 

H ecJ\.H He :>KaAKo AeHer - To cepe6po. Ec.l\.li «pe3HCTHBHhlli Ma-
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TepHaA» (B 3BTI OHH rrpHMemIIOTCH oqeHh peAKO) - TO HYJKHO 

He B03MOJKHO MeHhIUee, a BITO.l\He orrpeAeAeHHOe corrpoTHBAeHHe. 

KaK y crrHpaAH 3AeKTporrAHTKH. A;IB 3Toro CYII.\eCTBYIOT crrAaBhI 

MeTaAAOB, HMeIO~He BhICOKOe corrpoTHBAeHHe - OHH H rrpHMe

H5llOTC5l, KCTaTH B 3AeKTPOITAHTKax H B HeKOTOphIX H3 corrpo

THBAeHHH, KOTOphle BHYTPH TeAeBH3opa H rrpHeMHHKa. EcAH 3TO 

rroAyrrpOBOAHHK (B 3BTI OHH rrpHMeH5llOTC5l peJKe) - TO OT Hero 

Tpe6YIOTCH ero crreu;HqmqecKHe rroAyrrpoBOAHHKOBhie CBOHCTBa 

(IUHp1rna 3arrpe~eHHOH 30HhI H TaK AaAee). 

EcAH, HaKOHeu;, 3TO H30MTop - TO OT Hero HYJKHO B03MOJK

HO 6oAee BhlCOKOe corrpOTHBAeHHe (rrpH pa6oqHx TeMrrepaTYPaX) 

H BhlCOKaH 3AeKTporrpoqHOCTh (OI151Th JKe, rrpH pa6oqHx TeMrrepa

TYPdX). KaK yJKe cKa3aHo, OT Bcex 3THX MaTepHaAOB Tpe6YIOTCH 

MaAOe ra30BhIAeAeHHe H HcrrapeHHe H B03MOJKHOCTh COeAHHeHH5l 

c APyrHMH MaTepHaAaMH. 

CYII.\eCTBYIOT H crreu;HqmqecKHe 3BTI-MaTepHaAbI, OCYII.\eCTB

MIO~He CBOH cpyHKIJ;HH TOAhKO B 3BTI. 3TO reTTepHbie MaTepHa

Ahl, rrorAo~aIO~He (rrYTeM AHcpcpy3HH BHYTPh ce651) B 3BTI ra3hI 

H 3MHCCHOHHhle MaTepHaAbl, HMeIO~He orrpeAeAeHHYIO (AM Ka

TOAHhIX MaTepHaAOB - HH3KYIO, AM aHTH3MHCCHOHHhIX - BhICO

KYIO) pa60Ty BhIXOAa AH6o orrpeAeAeHHhIH (AM BTOpHqH0-3AeK

TpOHHhIX MaTepHaAOB - BhICOKHH, AM aHTHAHHaTpOHHhlX MaTe

pHaAOB - HH3KHH) K03cpcpHIJ;HeHT BTOpHqHOH 3MHCCHH. 06 3THX 

MaTepHaAax 6yAeT paccKa3aHo B Apyro:H rAaBe. 

HacTaAo BpeMH cKa3aTh Koe-qTo o KOMIT03HIJ;HOHHhlX Ma

TepHaAax. 3To MaTepHaAbI, cocToH~He H3 HecKOAhKHX APyrHx, 

5lBMIO~HeC5l «KOMI103HIJ;HeH». 06b1qHo TaKOH MaTepHaA HaCAe

AYeT OAHH cBOHCTBa OT OAHOro H3 CBOHX pOAHTeAeli, APyrHe -

OT Apyroro. EcTeCTBeHHO, HaxoA51T ce6e rrpHMeHeHHe TOAhKo Ma

TepHaAbI, HacAeAYIO~He xopourne CBOHCTBa. HarrpHMep, BOAh

cppaMoBaH ry6Ka, rrporrHTdHHaH MeAhlO, 6yAeT HMeTh BhICOKYIO 

rrpoqHOCTh - rroqTH KaK y BOAbcppaMa - H HH3KOe corrpOTHBAe

HHe - rroqTH KaK y MeAH. KoMIT03HThI - 6hlcTpo pa3BHBaro~a-

5lCH o6AaCTh TeXHHKH. YI HaYKH - H6o BCHKaH pa3BHBaIO~aHcH 

06AaCTh TeXHHKH JKHBeT 3a cqeT HayqHhIX pe3yAhTaTOB H, B CBOIO 

oqepeAh, rropoJKAaeT HayqHhie 3dAaqH, 
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Cneu;:mtrn:qecK11 3.1\.eKTpoBaK-yyMHhie Bonpoci,1 - Bonpocb1 

0 ra30BbIAe.l\.eHl111, 11cnapeH1111 11 npOHl1KHOBeHl111 ra30B qepe3 

MaTep11aA1>1. fa30BhIAeAeH11e - 3TO npou;ecc A11cpcpy31111 ra30B 

113 o6'beMa MaTep11aAOB K 11X ITOBepXHOCTl1 11 Aecop6u;m1 (oTpbIB) 

11x aToMoB (11.1\.H MoAeKyA) c noBepxHocT11 B o6'beM 3Bn. CTp11 3TOM 

BdKYYM B 3BTI yxyAIIIaeTC.H, 11 np116op MOJKeT yxyAlll11Tb napa

MeTpbI 11.1\.H BbIHT11 113 CTpO.H. 3aMeTl1M, 'ITO AH¢cpy31111 113 o6'heMa 

K ITOBepXHOCTl1 6e3 Aecop6u;1111 HeAOCTdTO'IHO A.l\..H ra30Bb1Ae.l\.e

Hl1.H. Hanp11Mep, Kl1C.l\.OPOA MOJKeT npOA11cpcpyttA11pOBaTh K no

BepXHOCTl1, o6pa30BaTb Ha ITOBepXHOCTl1 TOHKYJO Il.l\.eHKY OKl1C.l\.a 

11 - 11 BCe. OK11Ce.I\. He pa3.l\.araeTC.H 11 Aecop6u;11.H He npo11CXOAl1T. 

BoT ec.1\.11 B cTeKAe A11cpcpyttA11pyeT re.l\.H:H, To OH c noBepxHOCTl1 

Aecop611pyeTC.H cpa3y JKe, re.l\.HH - ra3 11HepTHbIH, B COeA11HeHl1.H 

c 3.l\.eMeHTaMl1, BXOA_Hll.1;11M11 B COCTaB CTeK.l\.a, OH He BCTYfideT. 

fa3onpoH11u;aeMOCTh - TO eCTb npOHl1KHOBeH11e ra30B 113 aT

MOCcpepbI B o6'beM 3Bn COCT011T 113 AByx npou;eccoB - cop6u;11.H 

(3axBaT) ra30B 113 aTMOCcpephl Ha ITOBepXHOCTl1 CTeHOK np116opa, 

A11cpcpy311.H 11X ;srAy6h MaTep11aAa 11 yJKe paCCMOTpeHHOe Bblllle 

ra30BhlAeAeH11e - A11cpcpy311.H K Apyro:H, BHYTpeHHe:H noBepxHo

CTl1 11 Aecop6u;11.H c Hee. 

K 3TOMY MOJKHO A06aBl1Th cAeAyrorn;ee. B MeTa.1\..1\.ax Ayqllle 

Bcero A11cpcpyaA11pyeT BOAOPOA, TaK KaK y Hero caMhIH MaAeHhKl1H 

aToM. K cqacThIO, B aTMoccpepe BOAOPOAa HeMHoro. A Kl1CAopoA 

11 a3oT 11Me10T O'leHh MaAeHhKYIO cKopocTh A11cpcpy31111. B A11-

3.l\.eKTp11Kax (Hanp11Mep, CTeKAe) 6hICTpee Bcero AH¢¢YHA11pyeT 

re.l\.HH, TaK KaK B A113.l\.eKTp11Kax ra3hl Al1¢¢YHAl1PYIOT He no

aTOMHO, KaK B MeTa.1\..1\.ax, a B Bl1Ae MO.l\.eKyA. MoAeKyAa JKe caMa.H 

Ma.l\.eHhKa.H y re.1\.11.H ( 3TO era aToM; MO.l\.eKyAa BOAOPOAa 60.1\.hllle). 

Bnpo'IeM, cKopocTh A11cpcpy31111 re.1\.11.H qepe3 cTeKAo 113 aTMoccpe

pbI TaKoBa, 'ITO AaMnhI pa6oTaIOT AeC.HTKl1 AeT. 5I .l\.H'IHO 3HaKOM 

c pa60Ta10rn;11M .l\.aMITOBblM np11eMHl1KOM, KOTOpblH yJKe - 6yAh 

OH 'leAOBeKOM - 6bI.I\. 6hI AaBHO Ha neHc1111. :Vl3BecTeH OAHaKo 

C.l\.yqa:H BbIXOAa 113 CTpO.H 3Bn, ITOMern;eHH~X B rAy6oKOBOAHhIH 

annapaT (AA.H 113yqeHl1.H .l\.IOAhMl1 MOp.H), B KOTOpOM aTMOCcpepa co

CTO.H.l\.a 113 Kl1CAOpOAa BMeCTO a30Ta--re.l\.H.H. CToTOK re.1\.11.H B 3Bn 

yBe.1\.11'!11.l\.C.H, 11 BaKYYM B Hl1X yxyAllll1.l\.C.H HeAOITYCTl1MO. 
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6. Kor.a.a ace ynupaeTCR a TexHonorulO 

B 3aKJUOqemfe 3Toro OTCTyIIAemrn: paccMoTpHM npo6AeMy 

COeAHHeHIUI MaTepHaAOB. YacTO rosop.sIT, qTo Te HAif HHhie MaTe

pHaAbI COeAHHHTh MOJKHO MAH HeAb3.sI. TaK roBOpHTh HeKoppeKT

HO - H6o coeAHHHTh MOJKHO AI06hie MaTepHaAbI. Bonpoc B TOM, 

KaKyio npoqHOCTh 6yAeT HMeTh TaKoe COeAHHeHH.51. B TeXHHKe 

3Bll rtpHMeH.sIIOTC.51 B OCHOBHOM ABa cnoco6a coeAHHemrn -

rraliKa H csapKa. Hx pa3A1fqlfe - rrpH naliKe coeAHH.sieMhre Ma

TepHaAhI He pacnAaBA.sIIOTCH, OCTaIOTC5I TBepAhIMH. 3a3op MeJKAy 

HHMH 3aITOAH5IeTC5I TpeThHM MaTepHaAOM, rrpHIIOeM. llo cynw

CTBy, npH rraliKe npo6AeMa npoqHOCTH COeAHHeHHH pa3AeA.sieTC.sI 

Ha TPH - npoqHOCTh caMoro npHrroH H npoqHOCTh 30H coeAHHe

HH.sI OAHoro MaTepHaAa c rrpHrroeM H rrpHIIOH c APyrHM MaTeptta

.i\OM. llpH csapKe ITAaBHTC.51 o6a COeAHH.sieMhIX MaTepHaAa H 06pa-

3yeTC.sI C.i\OH CIIAaBa, I103TOMY rrpo6.i\eMa TaKJKe AeAHTCH Ha TpH -

rrpoqHOCTh 3TOro CII.i\aBa If npoqHOCTh 30H COeAHHeHHH OAHOrO 

MaTepHaAa co cn.i\aBOM H cnAasa c APyrHM MaTepHaAOM. HaKo

Heu;, cyru;ecTByeT npoMeJKYTOqHhIH MeJKAy rraliKOH If csapKOH 

cnoco6, TaK Ha3hrnaeMaH «naliKa onAaB.i\eHHeM», KOrAa pacn.i\aB

A.sieTcH OAlfH H3 COeAHHHeMhIX MaTepHaAOB If OH cnaHBaeT ... ce6.sI 

co BTOphIM cOeAHH5IeMhIM MaTepHaAOM. B 3TOM cAyqae He 06pa-

3yeTCH Tpex 30H, a TOAhKO OAHa - 30Ha COeAHHeHH5I MaTepHa.i\OB. 

Ao CHX rrop MhI rosopHAH o coeAHHeHHH MeTaA.i\-MeTaA.i\. 

llpH COeAHHeHHH MeTaA.i\OB c AH3.i\eKTpHKaMH CBapKa - B o6b1q

HOM ee BHAe - He rrpHMeH.sieTCH, TaK KaK TeMnepaTYPa II.i\aB.i\eHH.51 

KepaMHK 3HaqlfTeAhHO BhIIIIe TeMnepaTYP IIAaBJ\eHHH 60AhIIIHH

CTBa MeTaA.i\OB If BA06aBOK IIpH II.i\aB.i\eHHH KepaMHKH pa3Aara

IOTC5I. CTeKJ\O JKe II.i\aBHTCH .i\erKO, HO - Hao6opoT, CAHIIIKOM 

.i\erKO - MeTaA.i\hl JKe, c KOTOphIMH COeAHH.sIIOT CTeKJ\O, II.i\aBHTC.51 

rrpH 60.i\ee BhICOKHX TeMnepaTYPax. TaK qTo coeAHHeHHe MeTaA.i\a 

co CTeKJ\OM - 3TO, no-cyru;eCTBy, naH:Ka OII.i\aBAeHHeM, IIpHqeM 

rr.i\aBHTCH cTeKJ\o. Ho ee Tp~HI.l;HOHHO Ha3hIBaIOT naliKoli. 

A 3aqeM soo6rn;e npH naliKe orrAaB.i\eHHeM pacII.i\aBA.sIIOT 

OAHH H3 COeAHHHeMhIX MaTepHaAOB? LIT06hI c6Alf3HTh COeAHHH

eMhle MaTepHaAbI. MoJKHO H He II.i\aBHTh - HarpeTh H CHAhHO 

CJKaTb. 3a cqeT IIAaCTHqHOCTH MaTepHaAbI c6Alf3.sITC5I Ha aTOM

Hhle paccTOHHHH H AHcpcpy3HH, ycKopeHHa5I HarpeBOM, nepeMe-
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lllaeT nx. TaKoiI cnoco6 coeAHHeHHH Ha3hIBaeTcH TepMOKOMnpec

CHOHHOM cBapKoli. C.1\.0BO «CBapKa» ynoMHHyro Tyr coBeprneHHO 

He K Mecry, HO TaKOBa TPdAH.qHH. B HTOre, KaK BHAHO BCe npo6Ae

Mhl COlllAMCh Ha AByx - Ha npoqHOCTH CAOH 3dCThIBlllero CITAaBa 

(npH cBapKe) H npoqHOCTH nepeXOAHhIX 30H ·(B OCTa.AhHhIX CAyqa

HX). TeM 6oAee, qTo KpoMe BHellIHHX ycHAHM, c~ecTByroT ei.qe 

H BHyrpeHHHe, B03HHKaIOI.qHe H3-3a pa3AHqHH B TepMHqecKHX 

pacrnHpeHHHX. AelicTBHTeAhHO, Bee 3TH rraiIKH - cBapKH AeAa

IOTcH rrp11 BhICOKHX TeMrrepaTYPaX. CToTOM MhI rrpH6op OXAaJKAa

eM H eCAM coeAHHeHHbie rrpH BhICOKOH TeMnepaTYPe MaTepnaAhI 

rro-pa3HOMY y-KOpaqHBdlOTCH rrp:H OXAdJKAeHHH (npHHHTO I'OBO

pHTh - YAAMHHIOTCH IIpH HarpeBe), TO Te, KOTOpbie «IIhITaIOTCH» 

COKpaTHThCH CHAbHee, 0Kd3bIBalOTCH B pacTHHyrOM COCT05IHHH, 

a Te, KOTOpble «IIhITdlOTCH» COKpaTHThCH CAa6ee, OKa3hIBdlOTCH 

B OKaTOM COCTOHHHH. 

J\1060:0 CITAaB H AI06aH rrepeXOAHd51 30Ha COCTOHT H3 COeAH

HeHHH, BXOA511.qHX B COeAHHHeMble MaTepHaAbI 3AeMeHThl. CTo3TO

MY Bonpoc COeAHHeHHH CBOAHTCH: 

1) K corAaCOBaHHIO TepMnqecKHX pacrnnpeHHH COeAHHHeMhIX 

MaTepHaAOB, a ecAM OHM He corAaCOBdHhI - HCITOAh30BaHHIO 

npoMe>KyrOqHbIX MaTepHaAOB, 

2) onpeAeAeHHIO, KdKHe coeAHHeHHH o6pa3yIOTC5l B cITAaBe (ec

AM HMeeT MeCTO CBapKa) H rrepeXOAHhIX 30Hax (BO Bcex CAy

qa51x), ll KdKOBhI nx npoqHOCTll, a ecAH HX rrpoqHQCTll He

AOCTaToqHbl - TIOHCK rrpHIIOH, 06pa3yroi.qero «XOpOruHe» 

nepexoAHhle 30HhI. 

B KaqecTBe «H3IOMMHKH» y-KaJKeM, qTo rrepexOAHhle 30Hh1 

6bIBdlOT, HarrpHMep, c HH3KOH TeMnepaTYPOH ITAdBAeHHH. I1 3TO 

npHBeAO KOfAd-TO aBTOpa 3TOH KHHfH K cnrya.qHH «OCTaTKH BO

AOC BCTaAH AhI60M». KorAa CO€AHHeHne THTaHa (c TeMnepary

poH: TIAdBAeHHH 1670° C) ll HHKeAH (c TeMnepaTYPOH TIAaBAeHHH 

1455° C) MOAqa pacchIIIaAOCh npH TeMrrepaTYPe HaMHoro MeHh

llleH, ~eM «eMy noAaraAOCh» (KaK H no He3HaHHIO rroAaraA). KorAa 

3TO rroBTopnAOCh, H YAOCY>KHACH B3HTh crrpaBoqH11K n o6Hapy

>KHA, qTo B CHCTeMe THTaH-HHKeAh eCTh COeAHHeHHe (HAM, KaK 

fOBOpHT MeTaAAOBeAhl, cpa3a), IIAaBHI.qeee.SI npH 955° c ... 
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6. Kor.14a ace ynMpaercR B rexHonomJO 

0 MaTepHaAaX HdITHCdHhl IJ,e.l\bie 6116AHOTeK11. 0 COeAJiHeHHH 

MaTepHaAOB HdIIHCdHbl MHOrHe llIKdcpbI KHl1T. Ho HeHCCAeAOBdH

Horo HAH HCCAeAOBdHHOro, HO HeIIOHHTOro OCTaAOCh, HaBepHoe, 

CTOJ\bKO JKe. BaM 11 MaTep11dJ\b1 B py1rn. ToqHee - B M03r1111 p)'KH. 



rnaaa 6 

rn6pH,llHb/6 3R6KTpOHHbl6 npH60pb1 

1 . none 6osm np1r1 nyHHOM caeTe, 
1r1m1 nonb3a 1r1 apeA OT KOHKypeHL\MM 

06bJ1IHO OAHH H Te JKe TeXHli'IeCKHe qryHKlJ;RH Moryr pea.Ali-

30BbIBaTbCH npH6opaMH HecKO.l\.bKHX THITOB. ITpH KaKHX ycAOBHHX 

Bhl6op AeAaeTCH eAHHCTBeHHbIM (co6cTBeHHO, 3TO yJKe He 6yAeT 

Bb16op)? Ka3aAOCb 6b1, ycAOJKHeHHe Tpe6oBaHHM H CAeAaeT BbI-

6op eAM:HCTBeHHbIM. AelicTBHTe.l\.bHO, AaHHoe coqeTaHHe Moru;Ho

CTH H ycRAeHHH, HanpHMep, MOJKeT 6bITb pea.Ali30BaHO H KAR

CTpOHOM H MarHeTpOHHbIM ycHARTeAeM, HO ecAR IlOTpe6oBaTb 

60.1\.brne KITA H Ma.l\.bIM Bee, TO npHAeTcH ocTaHOBHTbCH Ha MarHe

TpoHe. OAHaKo napaMeTpbI npH6opoB co BpeMeHeM yAyqrna10TcH 

H IlOTpaTHB HeKOTOpoe BpeMH Ha pa3pa6oTKy, MOJKHO 6yAeT CAe

AaTb KARCTpoH c 60.1\.brnHM KITA H Ma.l\.bIM BecoM. IToTpe6yeM, 

qTo6t,r rrJ>H6op 6bIA roTOB 3a HeKOTOpoe onpeAeAeHHOe BpeMH. 

Ho H 3TO He AeAaeT Bb16op eAHHCTBeHHbIM - H6o, noTpaTHB 

60.1\.bllle CHA H pecypcoB, MOJKHO TOT JKe npH6op pa3pa6oTaTb 

6bICTpee. 3TO H eCTb caMoe rAaBHOe - IlOTpaTHTb CHAbI H pecyp

Cbl. Bb16op pea.Ali3yeMoro BapHaHTa onpeAeAHeTc.SI TeM, Ha KaKOM 

ITJTH Mbl ITOTpaTHM MeHbllle CHA H pecypcoB. B HCKYCCTBO a.l\.b

IlHHHCTa BXOAHT YMeHHe ou;eHHTb CAOJKHOCTb MaprnpJTa AO ero 

npoxoJKAeHHH. B HcKyccTBO HHJKeHepa - TOJKe. 

To, qTo OAHa H Ta JKe 3aAaqa MOJKeT 6bITb perneHa HeCKO.l\.bKH

MH cnoco6aMH, Bbl3bIBaeT KOHKypeHI.J;HIO. BHellIHe 3TO BbirAHART, 

KaK KOHKypeHI.J;HH npH60pOB, no cyiu;ecTBy JKe - 3TO KOHKypeH

u;mr A10Aeli, pa3pa6oTqHKOB 3THX npH6opoB. l·faBeCTHO, qTo npu 

Ha.AlfqHlf KOHKypeHI.J;HH C03Aa10TC51 Ayqrnue npu6opb1, HO H CHA 

pacxoAyeTcH 60.1\.brne. ITo3TOMY Bonpoc o TOM, HYJKHa KOHKy-
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2. Te311c, tJHT11re311c, c11Hre3 

peHI.J;lUI 11.1\H Koonepau;m1, 11.1\H J\.y<IIIIe npOCTO 3aH5ITbC5I pa3HblMI1 

npo6AeMaMM, AOJUKeH peIIIaTbCH c yqeTOM He TOJ\.bKO Ka'IeCTBa 

IlOJ\.y<IeHHOro peIIIeHMH, HO 11 CM.I\., KOTOpbie IlPMAeTCH IlOTpaTHTb. 

06hl'IHO yAyqIIIeH11e pa6oThl np11 Ha.l\H'IMM KOHKypeHu;MH ne

peou;eH11BaeTcH. HaYKa 11 TeXHMKa - He AOPOJKKa CTdAMOHa, 11 co

neH11e conepHMKa 3a CilMHOH He 3acTaBAfleT pa6oTaTb AyqIIIe. 

A 3a'IaCTYJO Hao6opoT. nc11XOJ\.Orl15I MHJKeHepa 11 yqeHoro ~aMeT

HO OT.l\H'IaeTCH OT IlCMXOJ\.Or1111 cnopTCMeHa. 

Ho MHOrAa KOHKypeHI.J;I15I MeJKAy TMilaMM 3.1\.eKTpOHHblX np11-

6opoB npMBOAMT K C03AaHMIO HOBbIX np116opoB, CO'IeTalOII.J;MX B ce6e 

qepTbI pa3HhIX cTapblx. KlllicTpOH - Te3MC, ABB - aHT11Te311c, 

TBMCTPOH CMHTe3. f116p11AHbIH np116op, CO'IeTalOII.J;MH B ce6e np11H

u;11nbl AeHCTBI15I HeCKOJ\.bKMX Apyr11x - 3TO 11 eCTb CMHTe3. 

2. Tea1.1c, aHTMTea1.1c, CMHTea 

AeifcTBMTeJ\.bHO, B03AelicTBOBaTb Ha 3.1\.eKTPOHHbIH nyqoK MOJK

HO 3.1\.eKTpM'IeCKMMilOJ\.eM B pe30HaTope (KaK B KJ\HCTpOHe), a «CHH

MaTb» c nyqKa yc11AeHHbIH CMrHaA MOJKHO 3aMeAAflIDII.J;eli CMCTe

MOH - KaK B J\.EB. TaK11e np116ophl Ha3bIBaIDTCH TBMCTpoaaM11. 

MoJKHO npeAcTaBMTb ce6e 11 Apyr11e r116p11AHb1e CBl.J-np116ophl. 

Hanp11Mep, crycTKM 3AeKTpoaoB cpopMMpyIDTCH 11 B KJ\HcTpoHe, 

11 B MarHeTpOHe, 3Ha'IMT, MOJKHO 11CilOJ\.b30BaTb KJ\HCTpOHHbIH 

np11Hu;11n rpynn11pOBKI1 3.1\.eKTpOHOB, 11 yJKe crpynn11poBaHHble 

crycTKM BBOAMTh B MarHeTpoH. MoJKHO ynpaBAfITb 3AeKTpoaa

MM 11 c IlOMOII.J;blO 3.1\.eKTpM'IeCKOrO IlOAfl B BOJ\.HOBOAaX. l1J\.11 

11CilOJ\.b30BaTb B KJ\HCTpOHe «rpynn11poBaTeJ\.11» 113 0Tpe3KOB 3a

MeAJ1.5110II.J;eli CMCTeMbl (MOHOTpOH). fl16pMAHblMH JKe 5IBAfIIOTC5I 

H MHor11e np116opbl M-T11na, paccMoTpeHHbie BhlIIIe - J\.EBM, 

J\.OBM - 3TO OTpaJKeHO 11 B MX Ha3BaHM5IX, MOJKHO COBMeCTMTb 

B OAHOM np116ope BblCOKO'IaCTOTHble 11 HI13KO'IaCTOTHbie np11H

u;11nbl ynpaBJ\.eHMH 3.1\.eKTpOHaMM. CTOCTaBMTb B KJ\.MCTpOHe I1J\.l1 

J\.EB nepeA KaTOAOM ceTKY H, 113MeH5I5I HanpHJKeHMe Ha Heil, 

ocyiu;ecTBAfITb AOITOAHMTeJ\.bHOe ynpaBAeH11e 3.1\.eKTpOHHbIM nyq

KOM. TaKaH AaMna TOJKe HBAfleTCH CHHTe30M - o6hI'IHOH AaMilbI 

c 3.1\.eKTpOCTaTM'IeCKMM ynpaBJ\.eHMeM 11, COOTBeTCTBeHHO, KJ\.11-

CTpOHa ( 3TOT np116op Ha3blBaeTcH «KJ\.MCTpOA») MJ\.11 J\.EB. OH 
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r11asa 6. tl16pt1/J,Hb/e 3/1eKTpOHHb/e npt160pb1 

6bI.i\ C03AaH B qrn:pMe Varian (3TO Ha3Bamre HH 0 tieM He Ha

IIOMHHaeT?) B 1981 fOAY· A 'ITO 6yAeT, ec.i\H BMeCTO TepMOKaTOAa 

BCTaBHTh B CBl.J-rrpn6op (AEB, KAHCTpOH, rrpn6op M-THrra) cpo

TOKaTOA, 3MHTTHpyrorn;n:H 3.i\eKTpOHbI TO.i\bKO rrpH OCBern;eHHH? 

IlomITHO, 'ITO - IIOAY1JHTC51 CBl.J-rrpn6op, HMe10rn;n:H AOIIOAHH

Te.i\bHhlH IIYTh yrrpaBAeHH51 3.i\eKTpOHHbIM rryqKoM, pearnpyrorn;HH: 

Ha OCBern;eHHe H crroco6HbIH, HarrpHMep rrpeo6pa3oBaTb BbICOKO

qacTOTHyro MOAYMI.J;HIO cBeToBoro cHrHaAa B 3.i\eKTpoMarHHTHhlH 

cHrHaA 3TOH qacTOThI. AEB c cpoToKaTOAOM Ha3hlBaeTc51 cpoTo

AEB, KAHCTpoH c cpoToKaTOAOM Ha3brnaeTCH cpoTOTpoH (H3o6pe

TeH /vK. B. Cl>ocMaHOM H M. BH.i\b51MOM B 1931 roAy), a ecAH cpo

TOKaTOA o6AyqaeTC51 .i\a3epoM, rrpH6op Ha3bIBaeTC51 .i\a3epTpOH. 

HaKOHeu;, HHOfAa rrpOCTO B OAHOM BaKYYMHOM o6'beMe pa3-

Mern;aIOT ABe AaMrrhl. TaKo:H rrpHeM rrpHMeH51eTC51 AOBO.i\bHO AaB

HO - o6hl1IHhle HH3K01IaCTOTHhle AaMIIbI qacTo 6bIBaIOT ABOHHhI

MH H TpOHHbIMH (ABOHHOH TpHOA, ABOHHOH AHOA-TPHOA, TpHOA

rreHTOA). fH6PHAHbIM TaKOH. rrpH6op Ha3BaTb He.i\b351 - 3TO rrpo

CTO HecKO.i\bKO rrpH6opoB B OAHOH 060.i\O'IKe. K TaKoMy perneHHIO 

Mb! ern;e BepHeMC51. 

B rrepetIHC.i\eHHhIX BhIIlle rrpH6opax «rn6pHAH3HpyroTc51» rrpHH

IJ;HIIhI AeHCTBH51 pa3AH1IHhIX BaKYYMHbIX rrpH6opoB. Ho rH6pHAH-

3HpoBaThC51 MOfYT H BaKYYMHbie rrpn6ophl c IIOAyrrpOBOAHHKO

BbIMH, H BaKYYMHbie c ra3opa3p51AHbIMR. 3aMeTHM, 'ITO tieM-TO 

IIOXO)KHM Ha rn6pHA HaM y)Ke IIOKa3aAHCb «.i\aMIIhl 6e3 AeTa.i\eH», 

c KOTOpbIX Ill.i\a pe1Ib B KOHu;e BTOpo:H rAaBhl. TaKa51 .i\aMrra MeTO

AaMH H3rOTOBAeHH51 HarroMHHAa HaM MHKpocxeMy. KaK BhlfMAHT 

rn6pHA BaKYYMHOfO H IIOAyrrpOBOAHHKOBOfO rrpn6opa? 

3. nonynpOBOAH"1K B BaKYyMe 

IlpeACTaBHM ce6e 3.i\eKTpOHttylO .i\aMrry (pnc. 45), y KOTOpo:H 

aHOAOM C.i\Y)KHT II.i\aCTHHa 8 H3 KpeMHH51, rrpnrra51HHa51 K MeTa.i\.i\H

'leCKOH II.i\aCTHHe - KOHTaKry 9. BTopo:H KOHTaKT - HaIIbI.i\eHHa51 

Ha II.i\aCTHHY co CTOpOHbl BaKYYM TOHKa51 (OKO.i\O 0, 1 MKM) a.i\IOMH

HHeBa51 II.i\eHKa. 3.i\eKTpOH, 3MHTTHpOBaHHbIH KaTOAOM 1 H ycKO

peHHbIH B 3a3ope Me~y KaTOAOM H aHOAOM, IIOIIaAaeT Ha aHOA -
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3. nonynpOBO/J,HUK 8 BaKyyMe 

PMC. 45. «TaepAOTeJlbHa51 naMna» 

rrAacnrny H HaqHHaeT ABHraThC51 s Heii, 06phrna51 APyrHe 3AeKTpo

Hhl OT aTOMOB KpeMHH51 H pacXOAY51 Ha 3TO CBOIO 3HeprHIO. EcAH 

HCXOAHhlH 3AeKTpOH ycKopeH Harrp51JKeHHeM, HarrpHMep, 15 KB, 

TO, IIOTep51B rrpH rrpOXOJKAeHHH aAIOMHHHeBOH IIAeHKH 2 K3B 

3HeprHH (B APyrHx MeTaAAax HAH B 6oAee TOACThIX IIAeHKax IIOTe

pH 60./\.hIIIe), OH coxpaHHT OCTa.l\.hHhie 13 K3B H CMOJKeT o6pa3o

BaTh B IIOAyrrpoBOAHHKe CBhIIIIe 1000 3.1\.eKTpOHHO-AhipoqHhIX IIap. 

YrrpaBAATh 3AeKTPOHHhIM rryqKoM 5 MOJKHO KaK c rroMOII.J;hIO 

ceTKH 2 - yseAH:qH:Ba51 H y-MeHhIIIa51 TOK, TaK H c IIOMOID;hlO 

IIAaCTHH BepTHKa.l\.hHOro 3 H ropH30HTa.l\.hHOrO 4 OTKAOHeHH51, rre

peBOA51, KaK B OCI.l;HAAOrpa¢flqeCKOH Tpy6Ke, 3.1\.eKTpOHHhlH rry

qoK c OAHOH ToqKH IIAacTHHhI Ha APyryIO· Ha IIAaCTHHe MOJKeT 

6hITh c¢opMHpOBaHO MHoro OTAeAhHhIX IIOAyrrpoBOAHHKOBhIX AH

OAOB, H Ayq 6yAeT yrrpaBAATh HX rrpOBOAHMOCThlO. I1cIIOAh3Y51 He

CKOAhKO He3aBHCHMO yrrpaBAAeMhIX Ayqeii, MOJKHO B03AeHCTBO

BaTh Ha HeCKOAhKO IIOAyrrpoBOAHHKOBhIX AHOAOB OAHOBpeMeHHO. 

Bc51 KOHCTpy-KD;H51 IIOMern;eHa B KOA6y 6, B KOTOpOH C03AaH Ba

Kyy-M. Ha3hIBaIOT 3TOT rrptt6op AH6o rrpH6opoM c 3AeKTpOHHOH 

6oM6apAH:pOBKOH IIOAyrrpoBOAHHKa, AH:6o TBepAOTe.l\.hHOH AaM

IIOH. BrrpoqeM, rrepBoe Ha3BaHHe TaKoe AJ\.HHHOe, qTo ero rrpHxo

AHTC51 COKparn;aTh - TI3ETI. 
Ko3¢¢ttu;HeHT ycHAeHH51 y TaKoro rrptt6opa 60./\.hrne, qeM 

y AaMII H TpaH3HCTOpOB, IIOCKOAhKY KaJKAhlH 3.1\.eKTpOH rryqKa 06-
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rnasa 6. ru6pMIJ.Hbte aneKrpoHHbte npu6opbl 

pa3yeT TbIC5JlHI 3AeKTpOHOB B IIOAyrrpOBOAlfl1Ke. CTpH60p CIIOC0-

6eH pa6oTaTb Ha BhlCOK11X 'laCTOTax, 6oAee BblCOKHX, 'leM o6hl'l

Hblll TpaH311CTOp, 1160 y Hero HeT 6a30BOR o6AaCT11, B KOTOpoli 

3AeKTpOHbl Apeliq:ry10T c MaAOR CKOpOCTblO 11 Ha 11peOAOAeH11e 

KOTOpoli OH11 TepHIOT MHOro BpeMeH11. 

nepBbie TaK11e rrp116opb1 6bIAH BbI~eHhl B 1973 rOAY (a 11306-

peTeHbl aJK B 1957-M!), 11 B 1957 rOAY 0 Hl1X 1111CaAH e~e paCIIAhlB

'laTO - «3Ha'll1TeAbHO rrpeBOCXOA51T IIOAyrrpoBOAH11KOBhle 11p1160-

pbl 11 BaKYYMHhle AaMrrhl». K 1981 rOAY CTaAO HCHO, 'ITO 11p116ophl 

11p11MeHl1Mbl AO 'laCTOT OKOAO 1 rru;. TaK11M o6pa30M, «BbICOKO'la

CTOTHOCTb» - He caMM Cl1AbHa51 CTOpoHa TBepAOTeAbHOR AaMIIbl. 

Ee c11Aa B ApyroM - OAHH TaKoli 11p116op 3aMeHHeT ycHAHTeAb, 

COAepJKa~11i1: 10-20 TpaH3HCTOpOB. 

Brrpo'IeM, «YH11KaAbHbie», KaK 1111CaAH IIOHa'laAy, CBOHCTBa 

3Toro rrp116opa BCe-TaK11 MOJKHO Ha3BaTb 11MeHHO TaK. KoHe'l

HO, MOJKHO yrrpaBMTb BKAIO'leH11eM Al10AOB 11 6e3 3AeKTpOHHoro 

rryqKa. Ho CTOAb rrpoCTO 11 H351~HO, KaK B TBepAOTeAbHOR AaMrre, 

3TO CAeAaTb HeAb351. 3aMeTbTe, 1ITO AHOAhl COCTaBMIOT MaTp11u;y, 

a IIOAaBM HarrpHJKeH1151 Ha OTKAOH51l0~11e IIAaCT11Hbl - aepT11-

KaAbHbie 11 rop1130HTaAbHbie - Mbl oc~eCTBAAeM TaK Ha3bIBae

Myro AByMepHyro aApecau;H10, TO eCTb OAHO HarrpHJKeH11e BAHHeT 

Ha «CTpoKy», a Apyroe - Ha «CTOA6eu;», B KOTOpOM HaxOAHT

C51 BKAIO'laeMhlli AMOA. TaKoli 11p116op - Aap 60JK11i1: AAA 3aAa'I, 

CB513dHHhlX c o6pa60TKOR 11HcpopMau;Inf, Ha ero OCHOBe MOJKHO 

CAeAaTb 11 aHaAH3aTop cpopMhl CHrHaAa H aHaAOro-u;HcppOBOR rrpe

o6pa30BaTeAb, 11 MHoroe Apyroe ..• 

0CHOBa TBepAOTeAbHOR AaMIIhl - H3MeHeH11e rrpoBOAHMO

CT11 IIOAyrrpoBOAH11Ka HAM IIOAyrrpoBOAHHKOBOro AHOAa IIOA Aeli

CTBHeM 11p11XOA51~ero 113 BdKYYMa 3AeKTPOHHOro TOKa. 06bl'l

Ha51 JKe 3AeKTpOHHa51 AaMrra yrrpaBAAeTC51 He TOKOM, a IIOAeM -

HarrpHJKeHHeM Ha ceTKe. B TBepAOTeAbHOR AaMrre IIOAe 11CIIOAb-

3yeTC5l AAA yrrpaBAeHH51 3AeKTpOHHhlM IIYlJKOM, KOTOphlli B CB010 

oqepeAb B03AeHCTByeT Ha IIOAyrrpOBOAH11KOByro MHIIIeHb. A HeAb-

351 AH B03AeHCTBOBaTb Ha IIOAyrrpoBOAHHK HerrocpeACTBeHHO IIO

AeM? CTpeACTaBHM ce6e 11p116op, H3o6paJKeHHhlli Ha pHc. 46. OcHo

aoli rrp116opa HBAAIOTCH ABe IIAaCT11HbI H3 A113AeKTpHKa - 1 11 2. 
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3. nonynpoao/J,H/llK a aaKyyMe 

1 
3 

2 

P1.1c. 46. np116op c npoBOA11MOCTblO, ynpaBnfleMoi;\ noneM 

Ha OAHY Ill\.acnrny HaHeceHa MeTa.Nlli'IecKaH rrAeHKa 3, Ha APY

ryro - ABe MeTa.Nlli'IeCKHe IIAeHKH 4 H 5. ITAeHKa IIOAyrrpoBOAHH

Ka 6 pacrrOAO)KeHa Me~y KOHTaKTaMH 4 H 5. TOK, rrpoTeKaIOrn;H:i1: 

ITO Ill\.eHKe 6 OT KOHTaKTa 4 K KOHTaKry 5 3aBHCHT OT yrrpaBAH

IOrn;ero Harrp5I)KeHH5I, rrpHAO)KeHHOro Me~y IIAeHKaMH 4 (HAH 5) 
H 3. OT yrrpaBAHIOrn;ero HarrpH)KeHHH 3aBHCHT rroAe Me~y Ill\.a

CTHHaMH H B IIOAyrrpOBOAHHKe, a CAeAOBaTeAbHO, H ero rrpOBO

AHMOCTh. A 'ITO, co6cTBeHHO, pacrroAO)KeHo Me~y Ill\.acTHHaMH? 

A 3TO cMoTpH KaKo:i1: rrpH6op. EcAH HMeeTcH B BHAY o6hI'IHhl:i1: 

IIOAeBOH TpaH3HCTOp, TO Me~y IIAaCTHHdMH TBepAhIH AH3AeK

TpHK - HarrpHMep, OKHCh KpeMHHH. EcAH )Ke HMeeTcH B BHAY 

rH6PHAHhIH, BaKYYMHO-IIOAyrrpoBOAHHKOBhIH rrpH6op, TO Me~y 

rrAaCTHHaMH - BaKYYM. Ho OT rrpocTo:i1: 3aMeHhI TBepAoro AH-

3AeKTpHKa Ha BaKYYM BhmrphIIII 6hIA 6hI HeBeAHK H OH 5IBHO 

He OKyrraA 6hl CAO)KHOCTe:i1: H3rOTOBAeHH5I. A CAO)KHOCTH 3TH Be

AHKH - 'IT06hI AA5I yrrpaBAeHH5I He Tpe60BaAHCh 60AbIIIHe Ha

IIp5I)KeHH5I, IIAaCTHHhI HdAO ycTaHaBAHBaTh Ha O'IeHh MaAeHhKOM 

paccTOHHHH (10-20 MKM) OAHY OT Apyro:i1:, a 'IT06h1 y rrpH6opoB 

He 6hIA CAHIIIKOM BeAHK pa36poc rrapaMeTpOB, 3TO pacCT05IHHe 

HdAO ern;e IIOMep)l(HBaTh c xopoIIIe:i1: TO'IHOCThlO ! CTOHT AH Hrpa 

CBe'I? 3atJeM B 1975 rOAY 6hIA AAeKcaHAPOM foAOB'IeHKO C03AaH 

3TOT rrpH6op (cpoTO 10)? 

IToAyrrpoBOAHHKOBhie rrpH6ophI HMeIOT ABa Ba./KHhIX HeAo

cTaTKa - OHH He BhIAep)KHBaIOT CHAhHOro HarpeBa H He rre

peHOC5IT 6oAhIIIHX A03 PdAHa1'HH. lfro6hI rrpH6op, rroKa3aHHhI:i1: 

Ha pHC. 46 H Ha3hIBaeMhIH «BaKYYMHhIM IIOAeBhIM TpHOAOM», HMeA 
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rnasa 6. TM6pM,D.Hbte aneKrpoHHbte npM6opbt 

rrpe11Myru;ecTBa rrepeA o6bI'IHhlM11 IIOAynpoBOAH11KOBhlMl1 rrp1160-

paM11, OH AOA)KeH, KdK BdKYJ7MHhlH rrp116op, BhIAep>K11BdTb Bbl

COKl1e TeMrreparyphI 11 6oAhnrne A03hI paA11a1w11. A AAff- 3Toro 

IIOAynpOBOAH11K, 113 KOTOporo CAeAaHa IIAeHKa 6, AOA)KeH 6bITb 

He TeM, 113 KOToporo AeAaIOT 06bI'IHbie IIOAynpOBOAH11KOBble rrp11-

6opbI, a APyrHM, BhIAep>KHBarorn;HM «cypoBbie ycAOBHH». 3a Ta

K11M IIOAynpOBOAHHKOM, BdKYJ7MHbIM rrpn6opoM AaAeKO XOAHTb 

He rrpHXOAHTCH. 11cIIOAh3yeMbIH ~ 60AhIIIHHCTBe 3AeKTpOHHbIX 

AdMII B KatieCTBe TepM03AeKTpOHHOro KaTOAa CAO>KHbIH OKHCeA 

(BaSrCa)O HBAHeTCH HMeHHO TaKHM IIOAynpoBOAHHKOM (IIOAP06-

HO 06 3TOM paccKa3aHO B ApyroH: rAaBe). 3aMeTHM, 'ITO AO CHX 

rrop He BIIOAHe HCHO, KaK pa6oTaeT 3TOT rrpH6op. Mo>KeT 6bITb, 

'ITO BOBCe He B H3MeHeHHH rrpoBOAHMOCTH IIOA AeHCTBMeM rroAfi 

AeAo. Mo>KeT 6h!Th, AeAo B ApyroM - Bo BAHHHHH 3AeKTpHtie

cKoro IIOAH Ha o6AaKO 3AeKTpOHOB, 06pa3yrorn;eecH HdA IIAeHKOH 

6 rrpH ee HarpeBe? EcAH K 3AeKTpOAY 3 rrpttAO>KeHo oTpHu;a

TeAbHoe OTHOCHTeAbHO CHCTeMhl 3AeKTPOAOB 4-6 HarrpH>KeHHe, 

TO 3AeKTpOHHOe o6AaKO «IIpH>KHMaeTCH» K IIAeHKe 6, CTaHOBHT

CH TOHhIIIe H o6rn;aH rrpoBOAHMOCTb rrapaAAeAbHO BKAIOtieHHbIX 

rrAeHKM 6 H 3AeKTpOHHoro o6AaKa HdA Hett YMeHhIIIaeTcH. 

4. ccra3 lftnM BaKyyM» MnM ccra3 111 B8KYYM»? 

ITpeAcTaBHTh ce6e cotieTaHMe BaKyyrMa M rroAynpoBOAHHKa 

B OAHOM rrptt6ope AerKo - AelicTBHTeAbHO, ecAH KycoK KpeM

HHH IIOMeCTHTb B BaKyyrM, TO KaK IIOAynpOBOAHHK, TaK H BaKYYM 

ocTaHeToI caMHM co6oH:. Pa3Be 'ITO BaKyyM cTaHeT rroxy>Ke, ecAH 

KycoK KpeMHHH He rroMbIAH. A BOT rrpeACTaBHTh ce6e rn6pHA Ba

KYJ7MHOro rrpH6opa H ra3opa3pHAHoro CAO>KHee. AeAo B TOM, 'ITO 

ra3, «KaK BCe Mbl 3HaeM», 3dHHMaeT BeCb rrpeAOCTaBAeHHbIH eMy 

o6'heM. TeM He MeHee TaKMe rrpn6opb1 cyru;ecTByroT. 

"lfro MO>KeT rroMernaTh ra3y 3anoAHHTh Beeb o6'beM? HanpH

Mep, ra3y MO>KeT He XBdTHTb BpeMeHH. EcAH B BdKYJ7MHhlH rrpH-

6op qepe3 OTBepCTHe B cTeHKe IlOCTynaeT rropu;HH ra3a, TO, IlOKa 

OHa He pa3AeTHTCH no npH6opy, a rrpOH30HAeT 3TO, rpy6o rOBOpH, 

3a 1 MC, B rrpH6ope 6YAYT COCeACTBOBdTb ra3 H BdKYJ7M. Mo>K

HO npeACTdBMTb ce6e HMIIYAbCHhlH rrptt6op, KOTOpbIH «AeAaeT 
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4. «Ta3 111711 BaKyyM» 111711 «Ta3 11 BaKyyM»? 

cBoe AeAO», HarrpMMep, reHepMpyeT, ycMAMBaeT MAM KOMMYTMpyeT 

MMeHHO B TeqeHHe 3TOro BpeMeHM, liCITOAh3YH HaAJfqMe ra3a M Ba

KYYMa. flocAe pa36eraHHH ra3a OH OTKaqMBaeTCH, a 3aTeM u;MKA 

rroBTOpHeTcH. TaKoro poAa rrpou;ecc MMeeT MecTo rrpM pa6oTe Ba

KYYMHOro BhIKAIO'IaTeAH, rrpM B3phlBHoM: 3MMCCMM M BaKYYMHOM 

rrpo6oe. flpaBAa, ra3 (MAM rraphI MeTaAAa) He HarrycKaIOTCH B rrpM- . 

6op qepe3 OTBepCTMe B CTeHKe, a BhIAeAHIOTCH HerrocpeACTBeHHO 

M3 «CTeHKli», TO ·eCTh M3 3AeKTPOAa. flpMqeM B AByx ITOCAeAHMX 

CAyqaHX TaKoe BhIAeAeHMe He IIOAe3HO, a BpeAHO. Ho rrpMHD;MII 

eCTh rrpMHD;MIT. 

Mo)J(eT AM BaKYYMHO-rrAa3MeHHhIH rrp116op pa6oTaTh B cTa

TI;MOHapHoM pe)J(HMe? KoHeqHo. Harrp11Mep, rpaBMTau;HH He AaeT 

«3aTIOAHMTh BeCb 06'heM» 3eMHOH aTMOccpepe (H 3TO oqeHh xopo

llIO!). Ho AeAaTh np116oph1 cooTBeTCTByIOru;ero pa3Mepa cAO)J(HO. 

flo3TOMY ocTaIOTCH TPM B03MO)J(HOCTH. Bo-rrepBhlX, Ha 3anoAHe

HHe o6'heMa HY)J(HO BpeMH. EcAM cKopoCTh YAaAeHHH MOAeKyA 

H3 06'beMa np116opa (cKOpOCTh OTKaqKH) cpaBHHMa co CKOpO

CThlO IlOITaAaHHH B Hero MOAeKyA, TO KOHu;eHTpau;HH He 6yAeT 

ycTaHaBAMBaThCH OAMHaKOBOH BO BCeM o6'heMe np116opa. ITpeA

cTaBHM ce6e BaKYYMHbIH o6'heM, B KOTOpblH qepe3 OTBepcTHe 

B cTeHKe BBOAHTCH CTPYH ra3a, a rrpoTHBOTIOAO)J(HaH cTeHKa -

OTBepcTHe B Hacoc c 60AhlllOH CKOpOCThlO OTKaqKH. TaKaH KOH

CTPJKD;HH MO)J(eT CAY)J(HTh ocHOBOH AAH r116pHAHoro npM6opa -

1160 B cepeAHHe y Hero ra3 (nAOTHaH cpeAa), a KpyroM BaKYYM 

(noArrop'IeHHhIH, KOHe'IHO, pa36eraHHeM ra3a H3 CTPYM). 

Bo-BTOphlx, rrp116op MO)J(eT 6hITh pa3AeAeH Ha ABe qacTH 

neperopOAKOH c OTBepcTHeM. B OAHY qacTh ra3 BBOAHTCH, H3 APY

roM: - OTKaqHBaeTCH. EcAM OTBepcTHe HeBeAMKO, a CKOpOCTh OT

KaqKH 60AblllaH, TO B «BaKYYMHOH» qacTH KOHD;eHTpau;MH MOAe

KYA 6yAeT HaMHoro MeHhllle, qeM B «ra30BOH». fIOCKOAhKY ne

peropOAKa c OTBepCTHeM MO)J(eT CAY)J(HTh ceTKOH, ITOHBAHeTCH 

B03MO)J(HOCTh CAeAaTh «BaKYYMHO-TIAa3MeHHhIH TpMOA». B 3a30-

pe KaTOA-CeTKa, COAep)J(aru;eM TIAa3My, 6yAeT cpopMHpOBaThCH 

3AeKTpOHHhIH nyqoK c 60AhlllHM TOKOM (qTo Aerqe CAeAaTb B ra30-

pa3PHAHOM np116ope), a B BaKYYMHOM 3a3ope ceTKa-aHOA MO)J(HQ 

C03AaTh 60AblllOe IlOAe (qTo Aerqe CAeAaTh B BaKYYMHOM npH6ope) 
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rnasa 6. T/lf6p11AHb1e 3neKTpOHHb1e np116opb1 

H ycKopwT:b 3AeKTpOHhl AO BhICOKHX 3Heprwll. IToAytIHTCH OAHO

speMeHHO H CHAhHOTO'IHhIH H BhICOKOBOAhTHhIH rrpn6op. Brrpo-

11eM, coseprneHHO Heo6513aTeAhHO reHepnpoBaTh rryqoK B ra3e 

H BhIBOAHTh ero B BaKYYM. MOJICHO CAeAaTb H Hao6opoT - ccpop

MHpOBaTb Ilyt!OK B BaKYYMe, a BblBeCTH ero qepe3 OTBepCTHe 

B ra3. TaK MOJKHO BhIBeCTH 3AeKTpOHHhIH rryqoK AaJKe B aTMO

ccpepy H pe3aTb MAH CBapHBaTb HM MaTepHaAbl. Brrpo11eM, TaKOH 

«IlpH60p» yJKe He 51BA51eTC51 rrpeo6pa30BaTeAeM 3AeKTpH'IeCKHX 

ClffHaAOB. 

HaKoHe~. HMeeTcH TpeTh51 B03MOJKHOCTh - He AeAaTh OTBep

cTHH AA5I rrpoxoAa 3AeKTpOHOB. AelicTBHTeAhHO, BhI yJKe 3HaeTe, 

'ITO 3AeKTpOHhl rrpOHHKaIOT B TBepAOe TeAO Ha HeKOTopyro rAy-

6nHy. fAy6nHa 3Ta HeBeAHKa, HO ee KaK pa3 AOCTaTO'IHO, 'IT06hl 

3AeKTpOHhl MOfAH rrpOXOAHTh CKB03h «CTeHKy» - rrpH 3HeprHH 

100 K3B H 6oAee 11epe3 THTaHoByro, 6epwAAHeByro MAH aAIOMH

Hl1eByro cpoAbry TO~l1HOH 30 MKM rrpOXOA11T OKOAO IIOAOBl1Hhl 

scex 3AeKTpOHOB. KoHe'IHO, CTeHKa TOHKa AO rrpeAeAa, HO BCe JKe 

OKOIIIKO AHaMeTpOM HeCKOAhKO MHAAHMeTpOB 113 TaKOH cp0Ab

r11 BhlAepJKnsaeT aTMoccpepHoe AaBAeHHe. l1TaK, 11epe3 TaKyro 

«CTeHKY» 3AeKTpOHHhIH Ilyt!OK MOJKHO TOJKe BhIIIYCKaTb 113 Ba

KYYMa B aTMoccpepy n rrp11 3TOM HeT HYJKAhI B MomHoM Hacoce, 

ycrresaromeM OTKa'InBaTh Bech ra3, rrpoHHKaromwH: 11epe3 oTBep

CTHe B BaKYYM - BeAh OTBepCTH51-TO HeT! EeAa B TOM, 'ITO BC51 Ta 

3HeprH51, KOTopyro HeCYT c co6oH: 3AeKTpOHhl, 3aTopM03HBIIIHeC51 

B cpoAbre, BhlAeA51eTC51 B HeH B BHAe TerrAa, a AA5I pacrrAaBAeHH51 

TaKoH: TOHKoH: cpoAhrH MHoro He HaAO. ITo3TOMY TOK 6oAbrnoH: 

IIAOTHOCTl1 11epe3 cpoAhry BhIIIYCTHTh He YAaeTC51, HO H TO, 'ITO 

yAaeTC51, II03BOA51eT ocymeCTBHTh, HarrpnMep, HecaMOCT051TeAb

HhlH ra30BhlH pa3p5J:A, rroMepJKHBaeMhIH 3THM rryqKoM. Heca

MOCTOHTeAhHhIH - 3Ha'IHT racHymHH: rrp11 OTKAIO'IeHl111 rryq:Ka. 

fa30BhIH pa3p51A HMeeT HH3KOe conpOTHBAeHne, R IIOAytieHHhlH 

BaKYYMHOIIAa3MeHHhIH rrpw6op MOJKHO ycrreIIIHO 11CIIOAb30BaTb 

KaK KOMMYTaTop (BhIKAIO'IaTeAh). KorAa rryqoK ecTh, ABa"3AeK

TPOAa, norpyJKeHHhle B pa3p51A, MOJKHO c11wTaTh 3aMKeyThIMH (co

rrpoTHBAeHne IIAa3Mhl MaAO)' a rrp11 OTKAIO'IeHHl1 rryq:Ka pa3p51A 

racHeT 11 3AeKTPOAhI OKa3blBaIOTC51 «pa30MKffYThlMH». 
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5. KaK KOMneHcupoBaTb npocrpaHCTBeHHbli!t 3apR/l. 

5. KaK KOMneHCMpoeaTb npocTpaHCTBeHHblM aapSIA 

0AHaKo AO rrAa3MhI MO)ICHO AeAo H He AOBOAH:Th. HeKoTopa51 

IIOAb3a OT HaAHqlf5{ He60AblllOro KOAHqecTBa ra3a B BdKYJMHOM 

IIpH:6ope MO)KeT 6b1Th, XOT51 II03)Ke Mhl Y3HaeM, qTo OT HaAH

q1f5{ ra3a qaw;e 6hrnaeT BpeA. f10Ab3a )Ke 6hlBaeT rroToMy, qTO 

aTOMbl ra3a HOHH3HPYJOTC51 3AeKTpOHHhIM rryqKOM, a HaAM:qJie 

HOHOB B rrpocTpaHCTBe Me)I<Ay 3AeKTPOAaMH: rrpH6opa JEeAHqH:Ba

eT TOK, rrpoTeKaIOrn;Hli qepe3 rrpH6op. AelicTBHTeAhHO, TOK orpa

HR'IeH TeM, qTo OTpm.i;aTeAbHhIH 3ap51A 3MHTIHpOBaHHhIX 3AeK

TpOHOB OTTaAKHBaeT qacTb 3AeKTpOHOB If B03Bparn;aeT HX Ha Ka

TOA; IIpH HaAHqlflf IIOAO)KHTeAbHhIX HOHOB 3TOT OTpm.i;aTeAbHhlH 

3apHA JMeHhlllaeTcH. 

Ba)KHhIM rrapaMeTpoM AI06oro 3AeKTpOHHoro rrpH6opa (Aa H 

Boo6w;e AI06oro rrpH6opa H ycTpolicTBa) .HBAHeTrn KITA - K03cp

cpHI.J;HeHT rroAe3Horo AelicTBH.H. AelicTBHTeAhHO, AI06oli rrpH6op 

rrpeo6pa3yeT BXOAHOH CHrHaA B BhlXOAHOH CHrHaA He rrpocTO 

TaK, AapoM, a 11crr0Ah3Y51 11cToqH11K 3HeprH11 (p11c. 47). KITA -

3TO OTHQilleH11e MOill;HOCTl1 BhIXOAHOrO c11rHaAa K MOill;HOCTl1, 

«BXOA,Hrn;e:H:» B 1IpH6op, TO eCTh CJMMe MOill;HOCTH, IIOTpe6AHeMOH 

OT l1CTOqH11Ka 3Hepnrn 11 MOill;HOCTl1 BXOAHOrO c11rHaAa. «BbIXO

A.Hrn;a.H» 3AeKTp11qecKa5I Mow;-

HOCTh MeHbIIIe «BXOA,Hrn;eM:» 

IIOTOMy, qTo qacTb 3AeKTp11-

qecKOH MOill;HOCTl1 rrpeBpaw;a

eTC51 B TeIIAo. AeM:cTB11TeAh

HO, 3AeKTpOHhl rrp116hIBaIOT 

Ha aHOA c HeKOTOpbIMl1 CKO

poCT.HMH H TOpM03.HTC.H B HeM. 

K11HemqecKa.H 3Heprn51 3AeKT

poHoB 11 rrpeBpaw;aeTC51 B Terr

AO Ha aHOAe. CAeAOBaTeAhHO, 

3dAaqa B TOM, qTo6hl 3AeKTpo

Hhl rrp116b1BaAH Ha aHOA c B03-

MO)KHO MeHblllHMl1 CKOpOCT.H-

BXO.!(HOH 

CHfHaJI 

HCTQqHHK 

3HeprHH 

BhIXO.!(HOH 

CHfHaJI 

P111c. 47. OTKYAa 6epeTCfl 

BblXOAHOi1 Cl-lrHaJl 

Ml1. CAeAaTh rrp116op, B KOTopoM 3AeKTpOHhI AOAeTaIOT AO aHoAa 

«6e3 CKOpOCTH» MO)KHO. 3To He COCTaBAHeT Hl1KaKOH rrpo6AeMhl. 
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Diasa 6. ru6pU,4Hb/e 3JJeKTpOHHbJe npu6opbJ 

Ero, co6cTBeHHO roBop5.1, AaJKe H AeAaTh 

He rrpifAeTC5.I. AocTaToqHo o6hlqHyro AaM

rry BKAfOqlfTb KdK IIOKa3aHo Ha pHC. 48. 
AelicTBHTeAhHO, pa3HOCTh rroTem:-'ttaAoB 

MeJKAy KaTOAOM M aHOAOM paBHa HYAIO 

H 3AeKTpOHhI, AOAeTesnrne AO aHoAa 6y-

PMc. 48. noreHu,1.1an AYT MMeTh HyAesyro cKopocTh. 3Ta AaMrra 

aHOAa - HOJlb 6yAeT HMeTb AHillb ABa HeAOCTaTKa - BO-

rrepBbIX, 3AeKTp0HbI He 6YAYT AOAeTaTb 

AO aHOAa, a BO-BTOpbIX, AaJKe ecAH 6hI OHR Jf AOAeTeAH, AaMrra 

He MOrAa 6bl ycHAHBaTh CMrHaAbl. Ha1rneM c rrepsoro HeAOCTaTKa. 

6. B111pTyanbHblM aHOA, 111n111 KOrAa 
Ka}l(y114eecsi xy}l(e HacTosi114ero 

EcAH 3AeKTpOHhl, IIOAXOAH K aHOAY· 6YAYT fMeHhillaTh csoIO 

CKOpOCTb AO HfA5I, y aHOAa HX HaKOIIHTC5.I MHOrO. 0HH HaqHYT 

OTiaAKHBaTb BHOBb rrpM6b1BaIOIQHe 3AeKTp0Hbl H Te IIOAeT5.IT 06-

paTHO, K ceTKe H aHOAY· 'TOK rrepecTaHeT MATH c KaTOAa Ha aHOA, 

KaK eMy IIOAOJKeHO, a AaMrra, COOTBeTCTBeHHO, rrepecTaHeT pa-

6oTaTb. ITo3TOMY 3aTopMo3HTh 3AeKTpOHHbIH rryqoK AO ocTaHoB

KH M, CAeAOBaTeAbHO, OTo6paTb y Hero BCIO 3HeprHIO HeAb35l. 

Ha aHOAe AOAJKHO 6hITh ycKOpHIOIQee (rroAOJKMTeAbHoe) HarrpH

JKeHMe, 06b1qHo COCTaBA5IIOIQee He MeHee HeCKOAbKHX IIP01-'eHTOB 

OT ceToqHoro HaIIp5IJKeHH5l. 3aMeTbTe, qTO 06blqHo aHOAHOe Ha

rrp5IJKeHMe B AeCHTh-CTO pa3 6oAhrne ceToqHoro, a ceToqHoe -

OTPM1-'aTeAbHO. KaKaH 3To cTpaHHaH AaMrra, 3aqeM 6b1 oHa MOrAa 

IIOH~06MTbC5l? Celiqac Mb! 3TO Bbl5ICHMM, HO CHaqaAa 3aHMeMC5l 

BTOpbIM HeAOCTaTKOM. 

ITpM M3MeHeHMM HarrpHJKeHH5.I Ha ceTKe TOK, TeKYIQHH B AaM

rre, 6yAeT MeHHTbCH. 1fro6bl rrpespaTHTb TOK B HarrpHJKeHHe, KO

TOpoe MOJKHO ycMAHBdTb AaAbille MAH MCIIOAb30BaTb KaK-TO rro

APyroMy, H~o, KaK H3secTHO, sKAIOqHTh s 1-'eITb aHOAa corrpOTMB

AeHHe (pHc. 49). Ho TOrAa HaIIpHJKeHMe Ha aHOAe HAM BbIXOAHOe 

HaIIpHJKeHHe 6yAeT 3aBMCeTb OT TOKa (pttc. 50) H, CAeAOBaTeAb

HO, 3AeKTpOHbI 6YAYT rrpOXOAMTb Ha aHOA rrpM pa3HbIX TOKax c 
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6. BupryaJJbHblU BHOA, MJJM Kor,D,a Ka>Kyll.(eecR xy>Ke H8CTORL1.(ero 

UBX 

+ 
0 

P111c. 49. Yc11mne11bHb1'1 KaCKaA 

«Harpy3oqHaJI 

IIpJIMaJI» 

/ 

dR 

P111c. 50. Harpy30YHasi npsiMasi 

pa3HhlMH 3HepnrnMH. Harrp5DKeHHe HCToqHHKa IIHTaHH51 HeA.h-

351 CAeJ\.aTb MeHbllie, 'IeM rrpOH3BeAeHHe MaKCHMdAhHOro TOKa Ha 

aHOAHOe corrpoTHB.l\.eHHe. B 3TOM cAyqae rrpH MaKcHMdAhHOM To

Ke 3J\.eKTpOHbl 6yAyr rrpHXOAHTb Ha aHOA «C HyAeBOH CKOpOCTblO», 

HO rrpH MeHhllIHX ToKaX HH CKOpOCTb HX He 6yAeT HyAeBOH, HH 

IIOTepH 3HeprHH. I1TaK, AJ\.lI J\.aMII, pa6oTaIOrn;Hx c H3MeH5IIOrn;HM

C51 TOKOM, «rAy6oKoe TOpMO/KeHHe» Ha aHOAe ocyrn;ecTBHTb TaK 

rrpOCTO HeA.h351. 

IToxo/Ka.51 CHTYau;H5I HMeeTC51 B rrptt6opax CRY:. HarrpHMep, 

B J\.EB 3J\.eKTpOHbl OTAaIOT qacTh 3HeprHH 3J\.eKTpoMarHHTHbIM 

BOJ\.HaM, H 3Ta qacTb pa3AHtIHa y pa3HhIX 3AeKTpOHOB. ITo3TOMY 

3J\.eKTpOHbI rrpHXOA51T Ha KOJ\..l\.eKTOp c pa3HbIMH CKOpOCT.5IMH H 3a

TOpM03HTh HX TaK, 'IT06hI OHH Bee rrpHIIIJ\.H Ha KOMeKTOp IIO'ITH 

6e3 KHHeTH'IeCKOH 3HeprHH, OII51Tb HeA.h351. 

ITpaBAd, TO, 'ITO He MO/KeT CAeJ\.aTb OAHH KOMeKTOp, MO

ryr HeCKOAhKO. B J\.EB AAJI ycTaHOBKH Ha crryrHHKax, rAe Ba/KeH 

KaJKAbIH rrpou;eHT KITA, (TaK KaK MOrn;HoCTh HCTO'IHHKOB IIHTa

HH51 orpaHH'IeHa) rrpHMeH5IIOTC51 MHOrOCTYIIeHtiaTbie KOMeKTO

pbI - CT05Irn;He PHAOM c rryqKoM OAHO 3a APyrHM KoA.hu;a c pa3-

HhIM.H IIOTeHD;HdJ\.dMH. Ha KaJKAOe KOJ\.bll;O OCeAaIOT 3J\.eKTPOHbl, 

3aTOpM03HBllmec51 OK0.1\.0 Hero. TaKHM o6pa30M, OHH BeAYT ce651 

«AHCD;HIIJ\.HHHpOBaHHO» - AeT51T Ha KOJ\..l\.eKTop, HMeHHO AJ\.lI HHX 

H rrpeAHa3HatieHHbIH. 
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rnasa 6. /116p11.0.Hbte 311eKrpoHHbte np116opbt 

7. KnA > 90% 

11 Bce-TaKH Haw6oAhurne 3HaqeHH5I KCTA Moryr 6bITh rroAy

qeHhI B AaMrrax c OAHOCKOpOCTHbIM HAH, KaK HHOrAa rOBOp5IT, 

MOHoxpoMaTnqecKHM rryqKOM. Hey)KeAH HeAb35I rrpHAYMaTh AO

CTOHHoe rrpnMeHeHne AaMrre, crroco6Ho:H HMeTh KCTA 6oAee 90 % ? 
CTpHMeHeHHe TaKo:H AaMrrhI B KaqecTBe KOMMYTaTopa (BbIKAIOqa

TeM) 6hIAO rrpe,MO)KeHO B 1967 fOAY r.11. EyAKepoM H B.11. ne

peBOAqHKOBhIM. Pa6oTaeT AaMrra TaK. B «OTKphITOM» cocTOHHHH 

( «BblKAIOqaTeAb 3aMKHYT») Ha ceTKe ITOAO)KHTeAbHOe Ha11p5I)Ke

HHe, Ha aHOAe TO)Ke ITOAO)KHTeAbHOe (HO MaAOe), a TOK ceTKH 

MaA (oHa CTOHT BHe ITOTOKa 3AeKTPOHOB, PHAOM c HHM). CT03TOMY 

BhlAeAeUHe MOIIJ;HOCTH KaK Ha ceTKe, TaK H Ha aHOAe MaAO. B «3a

KpbITOM» COCT05IHHH ( «BhIKAIOqaTeAb pa30MKHYT») Harrp5I)KeHHe 

Ha ceTKe OTpm.i;aTeAbHOe H TOKa B AaMrre HeT. B 3TOM pe)KHMe, 

Aa)Ke ecAH Harrp5I)KeHHe Ha aHOAe BeAHKO, Bb1AeAeHH5I MOII.J;HOCTH 

Ha HeM HeT, ITOTOMY qTo HeT TOKa. J\aMIThl, pa60Ta10u.i;ne Ha 3TOM 

rrpHHl.J;HITe, 6blAH pa3pa6oTaHbl B 1970-e fOAbl, H H3fOTOBAeHbl 

B BHAe OTAeAbHhIX o6pa3I.J;OB. CT03)Ke, Ha cyu.i;ecTBeHHO 6oAee 

BhICOKOH TeXHOAOrnqecKOH 6a3e - H c 6oAee cepbe3HhIM Teo

peTwqecKHM o60CHOBaHHeM - OHH 6bIAH pa3pa60TaHbl B 1980-e 

fOAbI, Ha3BaHbl «THTpOH» H BbIITyu.J;eHbl cepHMHO. 

Haw6oAee MOII.J;Hhie AaMIThI 3Toro KAacca, cyu.i;ecTBYIOII.J;He B 

HaCT05III.J;ee BpeMH, 6hIAH C03AaHbl ITO~H OAHOBpeMeHHO B 1978-

1979 roAax cpa3y TpeMH qrnpMaMH (Varian, RCA, Brown Boveri). 

HarrpH)KeHwe Ha 3aKpbIThIX AaMrrax cocTaBMAO 100-200 KB, TOK 

OTKpbIThlX AaMIT 100-150 A. IldAeHHe Ha OTKpbITbIX AaMrrax -

5-10 KB. CTo3TOMY MO)KHO cKa3aTb, qTo AaMIThI yrrpaBMAH Mou.i;

HOCTbIO 30 MBT, xoTH Ha caMHX AaMrrax paccewBaAOCh rrpw 3TOM 

AHillh 0,5-1,5 MBT. 11Haqe 6h1 OHH rrpocTo wcrrapHAHCh. 

KoHeqHo, KOrAa MhI paccMaTpHBaeM rn6pHAHhitt rrpw6op, 

6brnaeT TPYAHO cKa3aTb, KaKoii HMeHHO rrpH6op rrepeA HaMH. 

Ho 3TO H He HY)KHO. AM HOBoro rrpw6opa BcerAa MO)KHO IIPHAY

MaTh HOBOe Ha3BdHHe (IIOMHHTe - TBHCTPOH, KAHCTPOA, J\EBM, 

TBepAOTeAbHa5I AaMrra H TaK AaAee). Ho ITO KpaliHeH Mepe 5ICHO, 

qTo. Mhl HMeeM AeAO c 3AeKTpOBaKYYMHbIM rrpn6opoM (Aa)Ke ecAH 

y Hero H eCTh ra3opa3p5IAHa5I H ITOAyrrpoBOAHHKOBa5I qacTb). EcAH 
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8. «lenap/J,» 3/18KTPOHl1Kl1 

JKe «3AeKTpOBaKyyMHOH» 'IaCTH HeT - TO 3TO He 3AeKTpOBaKy

YMHblH np116op. Ho, KaK 3TO '!aCTO 6hrnaeT, HA51 no cpopMaAbHOMy 

nYTH, MhI 6bICTpo npHXOAHM K npoTHBope'IHIO. B coBpeMeHHoH: 

TeXHHKe npHMeHJIIOTCJI np116opbl, KOTOpbie, XOTJI Ii HMeIOT BaKy

YMHYIO qacTh, BaKYYMHbIMH np116opaM11 Ha3BaTb TPYAHO. TaK JKe, 

KaK renapAa OTAHqaeT OT KOllleK MeAO'Ib - HeBTJirHBa10ru;11ecJI 

KOITH - TaK Ii «KOMnAeKCHpOBaHHble 3Bfl» OTAHqaeT OT o6hI'I

HblX 3BIT «MeAoqb» - HaA11q11e 3BM. Bnpo'IeM, He o6JI3aTeAbHO 

HMeHHO 3BM. Ho AaBaH:Te no nopJIAKy. 

ITpeJKAe Bcero, BCIIOMHHM o ABOHHhIX TpHOAaX n: npo'IMX 

HH3KOqacTOTHbIX AaMnax, KOTOpbie noMeru;aAH B OAMH 6aAAOH no 

HeCKOAhKY IDTYK. ITpnHu;Hn AeHCTBHJI TaKHX AaMn OAMHaKoB, no-

3TOMY 3TO He r116pHAHhlH np116op, a npocTO ABa (HAii TpM) B 06-

ru;eM 6aAAoHe. Bnpo'IeM, MOJKHO noMeCTHTh B OAHH 6aAAoH 11 ABa 

np116opa, HMeIOru;ne pa3AH'IHhie npnHu;MnhI AeHCTBHJI, 11 ecAH 

KaJKAbIH 113 HMX MOJKeT pa6oTaTb OTAeAbHO OT Apyroro, TO 3TO 

6YAYT Bee JKe pa3Hhle rrp116opbl, a He OAMH. 

8. ccrenapA» 3neKTpOHMKM 

PJIA napaMeTpOB 3BIT 3aBMCMT OT HanpJIJKeHMJI, noAaHHoro 

Ha MX 3AeKTPOAbI. Pa3Hhle 3K3eMnAJipbI, HanpHMep A.EB OAHOro 

M Toro JKe TMna HMeIOT CAerKa pa3AH'!Hble rrapaMeTpbl, B TOM 

'IHCAe, CAerKa pa3AliqHblMH MOfYT 6hITb onTHMaAbHhie HanpJIJKe

HHJI (He06XOAHMble, HanpHMep, AAJI AOCTHJKeHHJI MaKCHMaAbHO

ro ycnAemrn) Ha 11x 3AeKTPOAaX. IToA611paTh HanpJIJKeHMJI n11Ta

HHJI AAJI KaJKAoro np116opa HHAHBHAYaAbHO - Ka3aAOCh 6h1, 3TO 

mar Ha3a,l'>,. Ho rnapHKH AAJI nOAIDMnHHKOB copTMPYIOT no ceH: 

AeHb - 3TO o6xoAHTCJI AerneBAe, qeM n0Tep11 OT coKparu;eHMJI 

cpoKa cAyJK6b1 ITOAIDHIIHHKOB, co6paHHhIX «KaK rrorraAo». EcAH 

3BIT CBLJ AOporoH: M AOCTHJKeH11e HaHBb1crn11x napaMeTpoB BaJK

HO (a qacTO HMeHHO TaK Ii 6brnaeT), TO MOJKeT OKa3aTbCJI noAe3eH 

MHAHBHAYaAbHhIH noA6op HanpJIJKeHMH n11TaHHJI. EcAH HCToqHMK 

nHTaHHJI He CAHlllKOM 60AhlllOH Ii AOporoH: M, HanpMMep, OH MeHb

rne M AellleBAe Toro 3BIT, KOTOphIH «nHTaeT» (a '!aCTO HMeHHO TaK 
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rnasa 6. IM6pt1.£lHbJe 3neKTpoHHb1e np116opb1 

H 6brnaeT), B03HHKaeT ecTeCTBeHHa5:! MhICJ\h - BhIIIYCKaTh HX BOA

HOM KOJKyxe l1 IIOA6ttpaTh HaIIp51JKeHl151 IIHTaHl1511Ip51MO 1Ipl1 H3rO

TOBJ\.eHHH AaMIIhI. TloTpe6HTe.l\h JKe 6yAeT IIOAY'!aTh OAHHaKOBhie 

«Kopo6oqKu». TaKue 3BTI Ha3hIBaIOT «KOMITAeKcupoBaHHhIMH» . 

.J\uxa 6eAa HaqaAo. ECAH Mhl Haqa.Jl.l1 o6'beAHHHTh 3BTI c HCToqHu

KaMu nuTaHHH, TO HaAO yJK o6'beAHHHTh 3BTI H c ycTpolicTBaMH 

3am;HThI. 3To Apyrue 3BTI H.ll.l1 cxeMhI, 3am;mu;aIOm;He OCHOBHOM 

3BTI .ll.l160 OT BpeAHhIX BHeIIlHHX B03AeMCTBHM, .ll.l160 OT BpeAHhlX 

BttyTpeHHHX npo~eccoB. HaIIpttMep, OT IIOAaqu Ha BXOA C.ll.l1Ill

KOM 60.1\hIIlOrO CHrHaAa HJ\.l1 OT BaKYYMHOro npo6o51 ( 3alll;HTHa51 

cxeMa B 3TOM CAY'!ae AOJ\.JKHa Ha KOpOTKOe BpeMH OTKJ\.l0ql1Th IIH

TaHHe, qTo6hr rrpo6oli He rrpeBpaTHACH B AYry H He BhIBeA 3BTI 

H3 cTpOH Heo6paTHMo). TaK 3BTI o6pacTaeT «AOITOAHeHttHMH». 

BOT em;e OAHO IIO.ll.e3HOe AOITOJ\.HeHHe - cxeMa, KOTOpa51 l13Me

m1eT TeMIIepaTYPY KaTOAa TaK, qT06hI TOK KaTOAa (uMeHHO OH 

BaJKeH AJ\.51 pa60Tbl 3BTI) IIOMepJKHBa.l\.C51 IIOCTOHHHhIM. HaKO

He~. AJ\.51 ynpaBAeHH51 BCeMH 3Tl1MH «AOITOJ\.HeHHHMH» ycTaHaBJ\.l1-

BaeTC51 MHKponpo~eccop, MaAeHhKa51 3BM, KOTOpa5:! «AeAaeT Bee, 

qTo HYJKHO». TaK H B03HttKaeT rerrapA 3.ll.eKTpOHHKH - HH co6a

Ka, HH KoruKa, HH 3BTI, HH cxeMa, a Bee cpa3y. BIIpoqeM, 3TO 

He oqeHh BaJKHO - KaK Ha3BaTh. BaJKHO, qTo6bl pa6oTaAo. 

B o6m;eM u ~eAoM rH6pttAHhre 3BTI noKa He BhITecHH.ll.l1 

«KAaccHqecKHe». Ho BeAh ~e.l\h He B 3TOM. KpoMe Toro, y ru-

6pttAHhIX 3BTI AOCTaToqHo rrpo6AeM - HaIIpttMep, B BMCax 3TO 

pOCT rrpOBOAHMOCTH KepaMHKH H ycKopeHHe B3aHMOAHcpcpy3HH 

1Ipl1 BhlCOKHX TeMIIepaTYPax, B TBepAOTe.l\hHbIX AaMIIaX - 3TO 

pa3pyrneHue MHIIleHH 3.ll.eKTpOHHhIM AY'!OM. BaJKHOM rrpo6AeMoli 

51BAAeTCH HHep~HH TeXHHKH - AaJKe ec.ll.l1 CAeAaH Aa6opaTopHbIM 

o6pa3e~ 1IpH6opa l1 OH ycrrernHO pa6oTaeT, AO IIpOMhIIIl.l\.eHHOro 

BbIIIYCKa IIpOMAeT em;e MHOro BpeMeHH ... l1 TOJ\hKO ecAH HaMAYTCH 

IIOTpe6HTe.l\.l1. A AJ\.51 Toro, qT06hI Harne.JI.CH IIOTpe6HTe.l\h, OH AOA

JKeH «pacnpo6oBaTh», BORTH BO BKyc, a AJ\.51 3Toro OH AOJ\.JKeH rro

AY'!l1Th MHOrO HOBhIX 1lptt6opoB, HaY'!l1ThC51 HX OIITHMa.l\hHO 3KC

nAyaTHpoBaTh, pa3pa6oTaTh COOTBeTCTBYlQill;He cxeMhI. .. HO BeAh 

IIptt6opoB-TO em;e HeT! EcTh Aa6opaTopHhIM o6pa3e~. 11, KaK no

Ka3aAa IIpaKTHKa, ITYTh OT Hero AO IIpOMhIIIlAeHHoro BhmycKa 
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8. «lenap,D,» 3J/eKTPOHl1Kl1 

u umpoKoro rrpttMeHeHH.sI HMO eru;e CyMeTb rrpo:HTH. TBHCTpoH 

3TOT IIyTb rrporneJ\.. QqepeAb 3a OCTaJ\.bHblMH. 

KaK BHAHTe, AJ\..5l OAHOH u TOH JKe 3(lAdl.IH cyru;ecTByeT MHoro 

perneHttli. KaKoe tt36paTh? B pa3HhIX cAyqa.six - pa3Hoe. BeAh 

o6bll.JHO Bd)KHO He rrpoCTO IIOAYl.JHTb 601\.blllYIO MOIIl;HOCTb, a OA

HOBpeMeHHO orrpeAeJ\.eHHhie 3Hal.JeHH.5l ApyrttX rrapaMeTpOB. fo
TOBbIX perneHHH - KaK BIIpoqeM H B )Kll3HH B006ru;e - HeT: I1x 

H(lAO HdXOAHTb «TaM, rAe KOHl.JaeTC.5! accpaAbT». BrrpoqeM, TOJ\.bKO 

TdM H HHTepeCHO rnaraTb. 

OTcTynneH11te 5 - o nonbae 06paaoeaH11tR 

B o6ru;eM H IJ,eJ\.OM HH)KeHepbI BCerAa HHTepecyIOTC.5! TeM, l.JTO 

rrpoucxoAHT B coceAHHX o6AaCT.six TexHHKH. Cyru;ecTByeT orrTH

MaJ\.bHa.sI crerreHb HHTepeca K AeJ\.aM coceAa - IIOTOMY l.JTO MO)KHO 

rrpeACTdBHTb ce6e HHJKeHepa, CTOJ\.bKO HHTepecYI-Oru;eroc.sI TeXHO

AOrtte:H coceAeH, l.JTO y Hero He OCTdeTC.5! BpeMeHH Ha pa3BHTHe 

cBoe:H o6AaCTH. Ho qaru;e CTerreHb HHTepeca 6brnaeT MeHbllle orr

THMaJ\.bHOH. PaccMOTpHM ABa rrpttMepa IIOJ\.b3bl OT HHTepeca K co

ceAHeH o6AaCTH - OAHH rrpttMep MaAeHbKHH H OAHH 60J\.blllOH. 

Hal.IHeM c MaAeHbKoro. 

B MOID;HhIX 3AeKTpOHHblX rrpu6opax KaTOA ttMeeT 601\.blllYIO 

IIJ\.OIIl;(lAb. CTOH.5ITHO, IIOl.JeMy - MOID;HOCTb ecTb rrpOH3BeAeHtte Ha

rrp.sIJKeHH.5! Ha TOK. Bb1c0Koe Harrp.sIJKeHtte - 3TO rrpo6AeMa BaKy

yMHOro rrpo6o.sI: pa3pyrneHH.5l 31\.eKTPOAOB, HX IIJ\.dBJ\.eHH.5!, HdIIOA

HeHH.5! BaKyyMHoro 3a3opa rrapaMH MeTaAAa u ra3oBoro pa3p.sIAa 

B 3THX rrapax. c Apyro:H CTOpOHbI, 601\.blllOH TOK - 3TO TO)Ke rrpo-

6AeMbI: 60J\.blll0H KdTOA H 60J\.blllOH AHaMeTp 3AeKTpOHHOro Ayqa, 

qacTOTHhie orpaHttl.JeHH.sI (AAHHa BOJ\.HhI AOA)KHa 6hITh MeHbrne 

AHdMeTpa Ayqa). a BOT 60AblllOH KaTOA - 3TO eru;e H rrpo6J\.eMa 

ceTKH. Ae:HcTBHTeJ\.bHO, MOJKHO pacrroAoJKHTh ceTKY Ha paccTo.sI

HHH 30 MKM OT KdTOAa, ecAH caM KaTOA HMeeT pa3Mep, CKaJKeM 

1 MM. Ho KaK CAeAdTb 3TO rrpH AHdMeTpe 100 MM? norrpo6y:H

Te YAepJKaTb AHCT 6yMaru HdA CTOAOM TaK, l.JT06b1 3a3op MeJKAy 

J\.HCTOM H 6yMaro:H 6bIA TOJ\.Ill;HHOH B BOAOC, rrpuqeM 3TOT 3a3op 

BeAh AOA)KeH IIOMepJKHBdTbC.5! c TOl.JHOCTbIO 10 %. 
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rnasa 6. l116p11.14Hb1e aneKTpOHHb1e np116opbl 

3JieKTpOHhl 

OCTaTOK CJIOH MeTaJIJia 

rurn yrnepo,na T.e. ceTKa 

OCTaTOK CJIOH H30JIHTOpa 

(HHTpH,D; 6opa) 

rroBepXHOCTb KaTo,na 

Pi.tc. 51. KaTOAHo-ceTOYHasi CTPYKTypa 

TioAynpoBOAHHKOBa51 TeXHOJ\.Onrn )'MeeT pernaTb :ny rrpo-

6AeMy. Ha KaTOA HaHOCHTC51 CJ\.OH H30MTOpa TOJUIJ;HHOH 30 MKM, 

3aTeM CJ\.OH MeTaAAa TOJUIJ;HHOH B HeCKOJ\.hKO MHKpOH, a 3aTeM Af0-

6hIM crroco6oM, rrpHH51ThIM B IIOAynpOBOAHHKOBOH TeXHHKe, TaM, 

rAe HYJKHO, 'IT06hI 3AeKTpoHhI BhIXOAHAH H3 KaTOAa (H yAeTaAH 

B BaKY)'M) o6a CJ\.051 YAaMIOTC51. YAaAHTh HX MOJKHO H pacrrhIAe

HHeM HOHHhIM AYtJOM, H JKHAKOCTHhIM TpaBAeHHeM, H ra30BhIM. 

TioAyqaeTc51 BOT TaKa51 CTPYKTYPa (pHc. 51). BHAHO, 'ITO B TaKo:H 

CTPYKTYPe pernaeTC51 H rrpo6AeMa MaAoro 3a3opa, H rrpo6AeMa ero 

IIOCT051HCTBa BO BpeMeHH, If rrpo6AeMa TO'IHOCTH. TipaBAa, B03-

HHKaIOT HOBhie rrpo6AeMhl. Tipo6AeMa TeIIJ\.OBOfO pacrnHpeHH51-

ecAH K03cpqmrweHTbl TeIIAOBOfO pacrnHpeHH51 MaTepHaAOB 3TOH 

KOHCTPYKI.J;HH CHJ\.hHO pa3AH'laIOTC51, rrpH HarpeBe oHa pa3pyrnHT

C51. Tipo6AeMa YTetieK - AJ06o:H H30MTOp 'IYTh-'IYTh rrpoBOAifT, 

TO eCTh rrpH IIOAaqe ynpaBMIOII.J;ero CHfHaAa Ha ceTKy, B ee u;errH 

6yAeT rrpoTeKaTb TOK, a BO MHOfHX CAyqa51x 3TO HeJKeAaTeJ\.hHO. 

HaKOHeu;, rrpo6AeMa B3aHMOAelicTBH51 - MaTepHaAhI 3TOH KOH

CTPYKI.J;HH He AOAJKHhI B3aHMOAeHCTBOBaTh rrpH pa6oqe:H TeMrre

paTYPe KaTOAa (B peaAH30BaHHhIX KOHCTPYKI.J;H51X 1100-1200° C) 
B TetieHHe cpoKa cAyJK6b1 - AeC51TKOB ThIC51'l qacoB. YrroTpe6Ae

HHe B rrpeAhIAyiu;e:H cppa3e CAOB «peaAH30BaHHhle KOHCTPYKI.J;HH» 

03HatiaeT, 'ITO 3TH rrpo6AeMhI TaK HAH HHatie yAaeTc51 pernaTh. 

BTopo:H rrpHMep IIOJ\.h3bI OT HHTepeca K COCeAHeH o6AaCTH -

3TO HCTOpH51 BaKY)TMHhIX HHTerpaAhHhIX cxeM. l.JTO 3TO TaKoe, Bbl 
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8. «lenap/1," aneKrpoH11K11 

y)Ke 3HaeTe. MoTHBbl K 11x pa3BHTHIO 6bl.llli TaKOBbI. TioAynpo

BOAHHKH Ha ocHOBe KpeMHH51 pa60Tocrroco6Hbl AO 200-250° C, 
Ha OCHOBe apceHHAa H cpoccpHAa raA.llli51 - AO 400° C, HO Ha 3THX 

MaTepHaAax ped.llli30BaHO oqeHb MaAO THIIOB IIOAynpOBOAHHKO

BblX 11p116opos. Me~y TeM, OT TeXHHKH Tpe6YIOT C03AaHH51 11p11-

6opoB, pa60TOc11oco6HblX 11p11 400° C (Ha BeHepe), rrpn: 500° C 
H 6oAee (AA51 rroMem;eHH51 BHYTPb peaKTopos H TYP6HH), rrpn: 

1000° c H 6oAee (AA51 orrycKaHH51 B csepxrAy6oKHe CKBa)KHHbl). 

3AeKTpOHHble AaMIIbl BbIAep)KHBaIOT (no Kpa:HHeH Mepe B rrpHH

u;11rre) 3TH TeMrrepaTYPbl, HO OHH C.llliIIIKOM KpynHble. KpoMe Toro, 

11pn:6opb1 AOA)l(Hbl pa6oTaTb rrpn: 6oAhIIIOH PdAHau;n:n:, a rroAynpo

BOAHHKOBble rrp116opb1 6oAbIIIOH PdAHau;n:n: He AI0651T. 3AeKTpoH -

Hble AaMITbl BblAep)KHBaIOT 3Haq11TeAhHO 6oAbIIIHe A03bl paAHau;n:n:. 

Bbl y)Ke 3HaeTe, KaKoe peIIIeHn:e HaIIIAa TeXHHKa 3AeKTpoH

HblX AaMrr - OHa C03AaAa BaKYYMHble HHTerpaAbHble cxeMbl. 

0CHOBHble rrpo6AeMhl, KOTOpble rrpHIIIAOCb peIIIaTb - rrpo6AeMa 

B3aHMOAeHCTBH51 MaTepHaAOB rrpH BblCOKHX MaTepHaAax, rrpo6Ae

Ma YTeqeK no AH3AeKTpHKaM, rrpo6AeMa corAacoBaHH51 TerrAOBblX 

pacIIIHpeHHH. K 1985 rOAY AOCTHrHYTblH cpoK cAy)K6bl rrpH 500 ° c 
COCTaBHA 13 000 q, 3TO y)Ke oqeHb xopOIIIHe rrapaMeTpbI. 

B orrn:caHHOH BblIIIe KaTOAHO-ceToqHoli CTPYKTYPe B Kaqe

CTBe KaTOAa MO)KeT 6b1Tb HCIIOAb30BaH H He TepM03AeKTpOHHblH, 

a Harrp11Mep, aBT03AeKTpOHHblH. B 3TOM cAyqae OTITdAaeT Heo6-

XOAHMOCTb B HarpeBe KaTOAa, qTo H ynpom;aeT rrp116op H YMeHb

IIIaeT ero «BpeM51 rOTOBHOCTH» - TO eCTb BpeM51 OT BKAIOqeHH51 

AO HaqaAa pa60TbI. B 3AeKTpOHHblX rrpn:6opax 3TO 06b1qHo spe

M51 pa3orpesa KaTOAa. TaK BOT, qT06b1 CAeAaTb KaTOAHo-ceToq

HYIO CTPYKTYPY c aBT03AeKTpoHHblMH KaTOAaMH, HdAO B Ka)KAYIO 

51qeliKy CTPYKTYPbl (pn:c. 52) rroMecTHTb no ocTpHIO. Tipn: ITOAaqe 

. Harrp51)KeHH51 Ha ITAeHKy, 51BA51IOID;YfOC51 ceTKOH, Ha OCTpHe B03HH

KaeT 3AeKTp11qecKOe IIOAe oqeHb BblCOKOH Harrp51)KeHHOCTH, KO

Topoe H Bbl3bIBaeT 3MHCCHIO 3AeKTpOHOB. 11MeHHO TaK pa6oTaeT 

TaK Ha3bIBaeMblH rpOMOOTBOA. Bbl KOHeqHO 3HaeTe, qTo OH He OT

BOAHT,. a rrpHBAeKaeT, H He rpoM, a 3ap51A. 3ap51A CTeKaeT qepe3 

OCTpHe H TyqH pa3p51)KalOTC51 ... TaKHe KaTOAbl ITO CBOHM rrapa

MeTpaM MOI'YT KOHKypHpOBaTb c TepM03AeKTpOHHblMH. TipaBAa, 
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rnasa 6. TM6PM/J.Hb1e aneKTpOHHble npM6opbl 

a HO.LI 

H30llilTOphI 

P1rtc. 52. M11KpoaneKTpoHHb1Ci Tp110A 

OHI1 11051Bl1JlliCh 1103:>Ke, 110 HeKOTOphIM 11apaMeTpaM OHI1 Xy-:>Ke 

TepMOKaTOAOB (Ha11pI1Mep, Tpe6yroT AAff. pa60Thl 6oAee BhICOKOro 

BaKyy~rn), l1 1103TOMY l13 l1MeIOrn;l1XC51 Tl1110B AaM11 TepMOKaTOAhl 

OHI1 CKOpee Bcero He BhITeCH51T. Ho HOBhie Tl111hl AaMl1 l1Jlli HO

Bhle pa3HOBI1AHOCTI1 l13BeCTHhIX Tl1110B c TaKI1Mli KaTOAaMI1 y:>Ke 

cyrn;ecTByIOT. B qacTHOCTI1, AEB, TpHOAhI, Kl1HeCK011h1 ... Me:>KAy 

11poql1M, ecAH 110Bepx ITAeHKI1 - ceTKI1 (CM. 01151Th TOT :>Ke pI1-

CJ7HOK) HaHeCTI1 ern;e OAI1H CAOR l130A51TOpa (He 3aKphIBa51 OTBep

CTI1R), a 110TOM - ern;e OAI1H CAOR MeTaAAa (Ha 3TOT pa3 3aKphIB 

OTBepCTI151) TO l1 110Ayql1TC51 TplWA c aBT03AeKTpOHHhIM KaTOAOM 

B MI1Kp03AeKTpOHHOM Hc110AHeHHI1. 3AeKTpOHHa51 AaM11a AHaMeT

poM 2/3 MHKpOHa l1 TaKOR :>Ke BhlCOThl. 

VIHTepecHo, qTo cKa3aA 6h1 3AI1COH HAR Ali Ae <I>opecT, 110-

rMAeB Ha TaKoe? 



rnaaa 7 

BropaR 3noxa 

1 . Bpaw.aHCb e peaoHaTope 

B CBl.J-rrpM6opax, c KOTOphIMM MhI II03HaKOMM.llliCh, MarHMT

HOe IIOAe ec.Jlli M rrpMMeH5IAOCh, TO AByM5I crroco6aMM - AAfJ. 06-

:>KaTMH, CTa6M.llli3au;MM 3AeKTpOHHOro rrytIKa M AAfJ. o6ecrre'leHM5I 

ABM:>KeHMH 3AeKTpOHOB no KpyroBhIM op6MTaM. Co6cTBeHHO, Aeli

CTByeT-TO MarHMTHOe IIOAe Ha 3AeKTpOHhl B 3TMX AByx CAyqaHX 

OAMHaKOBO - rrocpeACTBOM cMAhl AMrrepa. ITo MOAYAJO oHa paB

Ha rrpoM3BeAeHMJO cKopoCTM Ha MHAYKD;MJO rroAH M Ha CMHyc yrAa 

Me:>KAy BeKTopaMM cKopocTM M MHAYKD;MM M HarrpaBAeHa rreprreH

AMKYMPHO MM o6oMM (pMc. 53). 3To BeKTOpHoe rrpoM3BeAeHMe 

ff= q[v,BJ. 

Ho MCIIOAh30BaHa 3Ta CMAa MO:>KeT 6hITh AByMH pa3.Jlli'IHhIMM CIIO

co6aMM. B rrpH6opax c .llliHeliHhIM rryqKOM (K.llliCTpoHhl, J\EB) 

MarHHTHOe IIOAe C03AaeTC5I .llli60 COAeHOHAOM (pMC. 54 a), .llli60 

Ha6opoM KOAhD;eBhIX IIOCTOHHHhIX MarHMTOB (pMC. 54 6). 
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P11tc. 53. Ci.rna AMnepa. C11esa 11enn no11m1<1.1re11bHasi Yacrnu,a, 
cnpasa - orp1.1u,are11bHasi. nyHKrnp - 6yAyw.asi rpae1<rop1.1si 
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r11asa 7. BmpaR 3noxa 
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PHc. 54. Marn111rnoe none e 3Bn 

CoAeHOHA C03AaeT noAe, HaITpaBAeHHoe BAO./\b OCH ITpH6opa 

OAHHaKOBO ITO Bce:H CBOe:H MHHe, a MarHHTbl ycTaHOB./\.eHbI Ha

BCTpeqy APyr APyry (HHaqe OHM 3aMKHYTCH APyr Ha Apyra H B ofrb

eMe npH6opa ITONI He 6yAeT Boo6rn;e), H ITO./\.e B o6'beMe ITpH6opa 

IToAyqaeTC51 3HaKoITepeMeHHOe (pHc. 54B). Ho AelicTByioT 3TH ITO

NI OAHHaKOBO: ec./\.H 3.1\.eKTpOH B3AYMaeT ABHraTbC.Sl B60K - a OH 

HeMfmyeMo ITOITpo6yeT 3TO AeAaTh, H6o OTTa./\.KHBaeTcH APyrHMH 

3.1\.eKTpoHaMH nyqKa - OH He cMo:>KeT y:HTH AaAeKo. MarHHT

Hoe ITO./\.e Ha'IHeT 3aBopa1IHBaTh ero ITO oKpy:>KHOCTH, Ae:>Karn;e:H 

B IT./\.OCKOCTH, ITepITeHAHKyNipHOM OCH npH6opa H ITyqKa. TaKHM 

o6pa30M, rryqoK CTdHOBHTC.Sl «BHHTOBbIM», HO 3Ta «BHHTOBOCTb» 

B AaHHbIX rrpH6opax He HCITOJ\b3yeTC.SI! B OT./\.HqHe OT MarHeTpOHa 

H HeKOTOPbIX APyrHX ITpH6opoB co CKpern;eHHbIMH ITO./\.HMH, B KO

TOpbIX ABH:>KeHHe ITO Kpyry H eCTb OCHOBHOe ABH:>KeHHe 3.1\.eKTpo

Ha. J;I B ITpou;ecce 3TOro ABH:>KeHH.Sl 3.1\.eKTpOH B3aHMOAeMCTByeT 

c ITONIMH OTAeAbHbIX pe30HaTOpOB, COCTaB./\.HIOID;HX qacTh aHOA

Horo 6.1\.0Ka. Ho qacTOTa Bparn;eHH.Sl 3.1\.eKTpOHOB IIO Kpyry H qacTO

Ta, Ha KOTopo:H pa6oTd./\.H pe3oHaTopbI H Beeb ITpH6op, He 6hl./\.H 

CB.SI3aHbI. ITepBa.SI 3aBHCe./\.a OT HHAYKIJ;HH MarHHTHoro ITO./\..Sl, a BTO

pa.SI - OT pa3MepoB pe3oHaTopoB. 
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1. BpalLl,aflCb B pe3oHarope 

ITpH YMeHhllleHHH AAfIHhI BOAHhI H y-BeAHqeHHH qacTOThr Ha

crynaeT CHryau;mr, KOfAd pa3Mephl pe30HaTopa - a OHH IIOp51A

Ka AJUiHhI BO.lllihl - CTdHOB51TC51 CTOJ\h Ma.l\hIMH, qTo H3fOTOBHTh 

HdM-e)Karu;HH pe3oHaTop AeAaeTC51 oqeHh TPYAHO. Ho pe3oHaTop 

He o6513aH HMeTh pa3Mephl IIOp5IAKa AJUiHhl BO.lllihl - HaIIpH

Mep, B Aa3epe OH MO)KeT HMeTh AAfIHY H B MeTphl, a AAfIHd BOA

Hhl COCTaBMeT MHKpOHhl HAH AOAH MHKpOHa. CooTBeTCTBeHHO, 

Hy 3BIT CBY pe3oHaTop MO)KeT 6hITh MHoro 60.l\hllle AJUiHhI BOA

HhI - a 3TO rrpH TOM )Ke ypoBHe pa3BHTH51 TeXHOAOfHH II03BOMeT 

paCillHpHTh AHaIIa30H B CTopoHy 6oAee KOpOTKHX BOAH. 

ITonpo6yeM CKpecTHTh KAHCTpOH c MarHeTpOHOM, TO ecTh, 

B351B 3a ocHoBy AHHeHHhIH 3AeKTpOHHhIH nyqoK, pa3YMHO, «rro

MarHeTpoHHoMy», HCIIOAh30BaTh B03HHKa10ru;ee B HeM KpyroBoe -

a pa3 OH AHHeHHhIH, TO BHHTOBOe -ABH)KeHHe 3AeKTpOHOB. 3TOT 

rrpH6op Hd3hIBaeTc.sr «rHpOTpOH» (pHC. 55). 
ITOCKOAhKY Mhl XOTHM IIPOABHHyYhC51 B o6AaCTh 6oAee KO

pOTKHX AJUiH BOAH, pe3oHaTop AOA)KeH 6hITh 60.l\hlllHM, AMfH

HhIM H - pa3 rryqoK IJ;HAHHApHqeCKHH, - TO IJ;HAHHApHqecKHM. 

,...---------... ---- KOJIJICKTOp 

B 

nytlOK 

CTCHKa 

----- pe3ottaTopa 

~--- 3MljTUl.P)'10IUITTI 
1).0BepXHOCTh 

KaTO.U 

Pi.tc. 55. l1-1poTpoH 
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rnasa 7. BropaR :3noxa 

Ho KaKoe rroAe C03AaTh B HeM? B KAflCTpoHe 3AeKTpOHhI co6Hpa

AHCh B crycTKH B pe3yAhTaTe AeHCTBH5I AByx cpaKTOpOB - 3AeK

TpHqecKoro IIOA5I H BpeMeHH. CHaqaAa IIOAe IIOBAH5IAO Ha CKO

pOCTH, IIOTOM Bpe:l\rn AaAO B03MO)KHOCTh 3AeKTpOHaM crpyrrrrH

poBaTbC5I, IIOTOM IIOAe rrpHH5IAO B ce65I 3Heprmo cryCTKOB. CTpH 

3TOM crycTKH TOpM035ITC5I H Ta 3HeprH5I, KOTopyio 3AeKTp0Hhl 

IIOAyqHAH OT IIOCT05IHHOf0 IIOA5I, ycKOpHBIIIero HX, rrepeAaeTC5I 

3AeKTpoMarHHTHOMY rroAIO. To ecTh 3BCT rrpeo6pa3yeT 3Heprmo 

IIOCT05IHHOfO 3AeKTpHqecKoro IIOA5I B 3Heprmo 3AeKTpoMarHHT

HhIX BOAH. /Vsr. BAH5IHH5I Ha CKOpOCTH 3AeKTpOHOB IIOAe AOA*HO 

6hITh HarrpaBAeHo BAOAh TpaeKTOpHH. MO)KHO AH opraHH30BaTh 

TaKoe rroAe B u;HAHHApHqecKOM pe3oHaTope? Aa, H rrpH 3TOM cH

AOBhie AHHHH 3AeKTpHqecKoro IIOA5I 6YAYT KOAbIJ;eBbIMH, H OHH 

6YAYT Ae)KaTh B IIAOCKOCTH, rrepIIeHAHKYA5IPHOH OCH rrpH6opa. 

TaKoe 3AeKTpHqecKoe IIOAe - c 3dMKHYThIMH CHAOBhlMH AH

HH5IMH - HeAh35I C03AdTh, IIOAaBa5I IIOCT05IHHble HaIIp5I)KeHH5I 

Ha 3AeKTPOAhI HAH pa3Meiu;a5I IIOCT05IHHhie 3ap51Ahl B rrpocTpaH

CTBe. 3AeKTpHqecKoe IIOAe c 3dMKHYThIMH CHAOBhIMH AHHH5IMH 

MO)KeT 6hITh TOAhKO rrepeMeHHhIM, 3AeKTpoMarHHTHhIM. EcAH qa

CTOTa 3T0f0 IIOA5I COBIIaAaeT c qacTOTOH Bpaiu;eHH5I 3AeKTpOHOB 

ITO op6HTdM, TO MO)KHO HdHTH 3AeKTpOHhl, KOTOpbie HdXOA51TC5I 

B TdKOH cpa3e IIOA5I, qTO OHO HX He ycKOp5IeT H He TOpM03HT. 

CTpHqeM 3AeKTpoH, AeTRiu;HH BrrepeAH cBoero «6e3pa3AHqHoro» 

co6paTa, 6yAeT IIOATOpMa)KHBaThC5I, a AeT5IIIJ;HH C3aAH - ycKO

p5IThC5I. I1 6YAYTr KaK H B KAflCTpOHe, H B MarHeTpOHe, o6pa30-

BhIBaTbC5I crycTKH. A AaAbIIIe? BeAh AA5I Toro, qT06b1 OHH HaqaAH 

OTAaBaTh CBOIO 3HeprHIO IIOAIO, OHO AOA*HO HaqaTb 3TH crycT

KH TOpM03HTh. CTpH COOTBeTCTBYIOiu;eM pa3AHqlflf qacTOT IIOA5I 

H Bpaiu;eHH5I 3TO H rrpOHCXOAHT, H rHpOTpOH CTaHOBHTC5I MOIIJ;

HhIM reHepaTopoM CELI. 

2. nponeTaSI H3A CTMpanbHOM AOCKOM 

EcAH 3ap5I)KeHHa5I qacTHu;a, HarrpHMep, 3AeKTpoa, rrpH6AH-

3HTC5I K rrpoBOAHHKy, HarrpHMep, K MeTaAAy, OHa HaqaeT K HeMy 

rrpHT5IfHBaThC5I. IToToMy qTo rrpH rrpH6AH)KeHHH K MeTaAAy B HeM 
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2. nponeraf/ H8,4 CTl1p8f1bHOU ,40CKOU 

rrpOH30HAeT rrepepacrrpeAeAeHHe 3ap5IAOB H ITOBepxHOCTb 3ap5I

AHTC5I rroAO/KHTeJ\hHO. Bo3HHKaIOlll,He rrpH 3TOM CHJ\hI Ha3bIBaIOT

C5I «CHJ\aMH 3J\eKTpHqecKoro H306pa:>KeHH5I». 

Terrepb rrpeAITOAO/KHM, qTo 3AeKTpoH AeTHT BAOJ\b rroBepxHo

CTH MeTaAJ\a. B 3TOM CAyqae AeHCTByiolll,a5I Ha Hero CHAa 6yAeT rro

rrpe:>KHeMy rrpHTHrHBaTb ero K MeTaAJ\y. J13-3a Toro, qTo rrpoBOAH

MOCTh MeTaAJ\a KOHeqHa, rrepepacrrpeAeAeHHe 3apHAa B MeTaAJ\e 

6yAeT HeCKOJ\bKO OTCTaBaTh OT AeT5Illl,ero 3AeKTPOHa, OH 6yAeT 

TOpM03HThC5I H YMeHhIIIaTh CBOIO 3HeprHIO. Ho 3HeprH5I 6yAeT 

rrporraAaTb 3p5I - TO eCTh npeo6pa30BbIBaThC5I B TeIIAO (B MeTaA

Ae HAeT TOK!). 

EcAH CAeAaTh MeTaAAHqecKyio rroBepxHoCTh He IIAOCKOH, a B 

BHAe CTHpaAbHOH AOCKH H 3arrycTHTh 3AeKTpOH rronepeK rpe6He:H:, 

TO CHAa, AeHCTBYIOlll,a5I Ha 3AeKTpOH, 6yAeT MeH5IThC5I nepHOAHqe

CKH. B 3TOM cAyqae 3AeKTpoH HaqnHaeT H3AyqaTh 3AeKTpoMarHHT

HYIO BOAHY («H3AyqeHHe CMHTa-flapceAAa», «AHcppaKIJ;HOHHoe 

H3AyqeHHe», «BapaTpOHHOe H3AyqeHHe»). 3TO H3AyqeHHe IIOXO

:>Ke Ha qepeHKOBCKOe, HO IIOCAeAHee HMeeT MeCTO, ecAH CKOpOCTh 

qacTHIJ;hl 60J\hIIIe CKOpOCTH CBeTa B AaHHOH cpeAe, a AHcppaK

IJ;HOHHOe H3AyqeHHe B03HHKaeT IIpH onpeAeAeHHOM COOTHOIIIe

HHH Me)l(Ay CKOpOCThlO 3AeKTpOHa H cpa30BOH CKOpOCThIO OAHOH 

H3 rapMOHHK BOAHhl, KaK rrpaBHAO - rrepBOH o6paTHOH rapMO

HHKH, KaK B J\OB. HaA CTHpaAbHOH AOCKOH pacrroAaraeTC5I OT

pa:>KaTeJ\h 3AeKTpoMarHHTHOH BOAHhl, TO eCTh «AOCKa» 5IBA5IeTC5I 

OAHOH H3 CTeHoK pe3oHaTopa (pHc. 56). 3ToT rrpH6op Ha3hIBa-

P1.1c. 56. Opo1poH 
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rnasa 7. BropaH anoxa 

PMc. 57. KoaKc1.1anbHb11-i opoTpOH 

eTC51 opoTpOH, ero H306pe.llli <I>. c. PycHHhIM H r. A- EorOMOJ\OB 

B 1966 rOAY· 

flOAAeMCTBHeM 3.1\.eKTpOMarHHTHOM BOJ\.HhI pe30HaTopa 3.1\.eK

TpOHHhIM rryqoK pa36HBaeTC51 Ha crycTKH, KOTOphle 3cpcpeKTHBHO 

OTAaIOT 3HeprHIO IIOJ\.IO. TipettMyrn;ecTBO opoTpOHa rrepeA J\OB 

COCTOHT rrpe)l(Ae Bcero B TOM, qTo ero pe30HaTop MO)KeT 6bITh 

60.1\.hrne AJlliHhI BOAHhI, TO ecTh rrp11 Tex )Ke pa3Mepax rrp116opa 

(TOM )Ke ypoBHe TeXHOAC>rHH) MO)KeT 6bITh IIOAyqeHO H3AyqeHHe 

c MeHhIIIeM AJlliHOM BOJ\.Hhl ( H./lli 60.1\.hIIIeM MOIIJ;HOCTH). 

MexaHH3M pa6oThI opoTpoHa MO)KeT 6h!Th pea.llli30BaH He 

TOJ\.hKO B IIJ\.OCKOM reoMeTpHH, IIdKa3aHHOM Ha pHCYHKe, HO H B KO

aKCHaJ\.hHOM. B 3TOM CAyqae Tpy6qaTbIM rryqoK BBOAHTC51 B TO

pOHAd.l\.hHhIM pe30HaTop, BHeIIIH5151 IIOBepXHOCTh KOTOporo rrpeA

CTaBJ\.5IeT co6o:H KOJ\.hIJ;eBYIO cTHPd.l\.hHYIO AOCKy, a BHYTpeHH5151 -

K0.11.hIJ;eBOM OTpa)KaTeJ\.h (pttc. 57). 

3. KorAa He BMew.aeTCR 

TipeACTaBHM ce6e, qTo Mb! B351.llli 6paHACIIOMT H HarrpaBH./lli 

MOIIJ;HYIO CTPYIO BOAhI B rrpoqHYIO )KeJ\.e3HYIO 6o'!KY - BAOJ\.h oc11. 

lfro rrpott30MAeT? BoAa, oTpa3HBIIIHCh oTo AHa, BhlAeTHT o6paTHO. 

A BOT 3.1\.eKTpOHhl MO~ BhIJ\.eTeTb o6paTHO, OTpa3HBIIIHCh, MO)K

HO CKa3aTh, OT ce651 caMHX. H11qero oco6eHHO CTpaHHOro B 3TOM 

HeT - y 3.1\.eKTpOHOB eCTh 3ap51A, a OAHOHMeHHhle 3ap51Ahl OTTaA

KHBaIOTC51. CTpaHHO Apyroe - rrptt 3TOM B03HHKaIOT KOAe6aHH51, 

H O'!eHb Aa)Ke XHTpbie. 
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3. KOl.£1.8 He BMew,aeTCR 

CTpeAeTaBHM ee6e He 6oqKy H 6paHAerroilT, a rrpoeTpaHeTBO 

MeJK,Ay ABYM5I 3AeKTPOAaMH, rrp11qeM e AeBoro eTap-ryroT - e He

KOTOphIMH Haqa.AhHhIMH eKopoeT5IMH - 3AeKTpOHhl. 3AeKTPOAhI 

HaXOA51Te5I IIOA OAHHaKOBhIMH IIOTeHu;HaAaMH (HarrpHMep, OHH 

rrpoeTO eOeAHHeHhl, KaK H IIOKa3aHO Ha pHe. 58). 
I1Me5I HaqaAhHYJO eKopoeTh, 3AeKTpOHhl AeT5IT ee6e ITO HHep

u;HH H AOeTHraIOT rrpaBoro 3AeKTPOAa. Ho eeAH 3AeKTpOHOB 3MHT

THpyeTe5I MHOro, TO B 3a3ope II05IB

A5IeTe5I 3aMeTHhlll rrpoeTpaHeTBeH

Hhlll 3ap5IA, e03AaIOiu;Hll 3AeKTpH

qeeKOe IIOAe. 3TO IIOAe TOpM03HT 

AeT5IIu;He OT AeBoro KaTOAa 3AeK

TpOHhl, HO eeAH 3HeprH5I HX AOeTa

TOqHa, OHH rrpeOAOAeBaIOT 3TO IIO

Ae H AOeTHraIOT rrpaBoro 3AeKTPOAa. 

CTpH YBeAHqeHHH rroM MhI rrorraAa

eM B eHTyau;HIO, KOrAa 3AeKTpOHhl 

He MOryT ero rrpeOAOAeTh, oeTaHaB-

PMC. 58. 3a3op ~ TOK 

AHBaIOTe5I H - HaqHHaIOT AeTeTh o6paTHO. B 3a3ope 06pa3yeTe5I 

TaK Ha3hrnaeMhIH BHPTYa.AhHhitt KaTOA: 3AeKTpOHhI AeT5IT OT Hero, 

KaK 6yATO OH HX 3MHTTHpOBdA. CToeKOAhKY Bee 60AbIIIe 3AeKTpO

HOB oeTaHaBAHBaIOTe5I, He AOAeTeB AO «BHpryaAhHOro KaTOAa», 

MaKeHMYM 3AeKTpOHHOH IIAOTHOeTH HaqHHaeT eMeiu;aTbe5I BAeBO. 

KaK 6yATO 6yAhA03ep rroA3eT errpaBa HaAeBo, erpe6a5I eHer: Kyqa 

3AeKTpOHOB AeAaeTe5I Bee BhlIIIe H Bee 6AH)Ke K KaTOAY - Ae

BOMY 3AeKTPOAY· I1 B HTOre OHa pyIIIHTe5I Ha Hero - H rrpou;eee 

HaqHHaeTe5I eHaqaAa. A 3TO H eeTh KOAe6aHH5I. TaKHM o6pa3oM, 

Mhl H306peAH BHpKaTop. Ha eerOAH5I - 3TO eaMhlll MOiu;HhIH HM

rryAheHhlll reHepaTop CBY:. 

Ho reHepaTop 3TO BeebMa Heo6b1qHhIH. HaqHeM e oqeBHA

HhIX IIAIOeOB. CTepBOe - cpaHTaeTHqeeKa5I rrpoeTOTa KOHeTpyK

u;HH. BTopoe - OTeYTeTBHe MarHHTHOro IIOM, KOTOpoe B MarHe

TpOHe HY)KHO BeerAa, a B KAHeTpOHe H J\EB - AOBOAhHO qaeTO, 

H TeM qaiu;e, qeM 0 6oAee KOpOTKHX BOAHax 3aXOAHT peqb (TOH

KHH 3AeKTpoHHhIH rryqoK TPYAHO ecpoKyeHpoBaTh H «rrpoTaiu;HTh» 

110 AAHHHOMY rrpoAeTHOMY KaHaAy. TpeThe - HH3KHe Tpe6oBaHH5I 
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rnasa 7. Bropafl anoxa 

K Ka'leCTBY rryqKa ( ero rrpocTpaHCTBeHHOH OAHOPOAHOCTH H J\.a

MHHapHOCTH). l.JTo JKe KacaeTC.51 MHHYCOB, TO c11ryau;1151 Tpe6yeT 

cpHJ\.OCocpcKoro rrpeAHCJ\.OBH.51. 

TipeAIIOJ\.OJKHM, 'ITO Mhl BbIIIYCKaeM HeKOTOpoe H3Ael\.He -

He BaJKHO, CBLJ-rrp116op, aBTOM06HJ\.b HJ\.H rnapHKOBYJO pyqKy. 

K HaM rrpHXOAHT H306peTaTeJ\.b H roBOpHT: BOT HOBa.51 MOAeJ\.b, 

y Hee Bee rrapaMeTpbI KaK y CTapoH:, HO BOT 3TOT - Ayqrne. 3TO 

caMa.51 rrpocTaH H IIOHHTHa.51 c11ryau;HH. I1 Mhl rOBOpHM: OTJ\.H'IHO, 

6yAeM AeJ\.aTb HOBYJO MOAeJ\.b. BOT CAyqaH: 601\.ee CJ\.OJKHbIH - HO

Ba.51 MOAeJ\.b, y KOTOpoH: 'ITO-TO HeMHOro xyJKe, a 'ITO-TO Ayqrne. 

TYT HyJKeH aHaJ\.113 pbIHKa, 'IT06hI rroHHTh, 3axo'!eT J\.H rroTpe-

611TeJ\.b 6paTb, CKaJKeM, aBTOM06HJ\.b, KOTOpbIH CTOHT Ha CTOJ\.b

KO-TO AOPOJKe, HO IIOTpe6MeT Ha CTOJ\.bKO-TO MeHbIIIe 6eH3HHa. 

3To, KCTaTH, BeCbMa HhIH'le pacrrpocTpaHeHHaH c11ryau;1151 - 1160 

Ha 3arr~e BHeApeHHe «rH6pHAHbIX aBTOM06HJ\.eH» TOpM03HTC51 

HMeHHO CTapTOBOH u;eHOH. Ho BOT TpeTb.51 c11ryau;1151 - HaM rrpH

HOCHT He'ITO O'IeHb CHJ\.bHO HOBOe. HarrpHMep, Ha ABOpe cepeAH

Ha rrpOIIIJ\.Oro BeKa, Mbl BCe IIHIIIeM rrepbeBbIMH pyqKaMH, a HaM 

rrpHHOCHT rnapHKOByro. 0Ha TOJKe IIHIIIeT, TO eCTb BbIIIOJ\.HHeT 

BPOAe 6b1 TY JKe ¢YHKIJ;HIO, Ho rr11rneT HHa'le, Tpe6yeT coBeprneH

Ho HOBoro rrpOH3BOACTBa H B006rn;e BOCIIpHHHMaeTCH KaK He'ITO 

cTpaHHoe. AaJKe ecl\.H MbI HBMeMcH reHHaJ\.bHbIMH rrc11xo.l\.oraM11, 

TO orrpeAeJ\.HTb, 'ITO «3TO» 113 3a6aBHOH HrpyIIIKH (Ha 3arr~e) 

H rrpeAM~Ta rrpecTHJKHoro rroTpe6AeHHH (B CCCP) qepe3 'leT

BepTb BeKa rrpeBpaTHTC.51 B TOBap, OAHH BHAhl Koero CTOJ\.b JKe Ae

rneBbl 11 rroBceAHeBHhI, KaK 6YMaJKHbIH HocoBoH: rrAaTOK, a Apyr11e 

HBMIOTC.51 rrpeAMeTaMH rrpeCTHJKHOro IIOTpe6J\.eHH51 H CHMBOJ\.aMH 

BblCOKOro IIOJ\.OJKeHH.51 H CTOHT AHeBHYJO (B ClllA) HJ\.H MeCH'IHYJO 

(B P<D) 3aprrAary, - 3TO HaM He yAaCTCH. Ho c11ryau;1151 MOJKeT 

6hITh H ern;e CJ\.OJKHee. Ha ABOpe cepeAHHa BeKa, a MHe rrp11-

HOCHT IIIHpOKHH cpAOMaCTep (MapKep). I111caTb HM HeB03MOJKHO. 

PHCOBaTb? XyAOJKHHKH - HapOA KOHCepBaTHBHbIH, OHH TblCH'IY 

J\.eT TeXHHKH He MeHHIOT. 3a6aBHYJO Bern;b CAeJ\.al\.H Bbl, C3p, -

BeJKJ\.HBO rOBOpHM Mbl, - HO AM qero 6hI ee rrpHMeHHTb - He rro

HHMaeM. A 'ITO qepe3 IIOJ\.BeKa 3Ta Bern;b 6yAeT AeJKaTb Ha Bcex 

rrpHJ\.aBKax - TaK 3TOro Mbl He 3HaeM H AOr~aTbC.51 He MOJKeM. 
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3. Kor/J,a He BMe~aercfl 

Tenepb omuneM :ny JKe eMTy-al.\IUO Ha 6oAee MHJKeHepHOM 

513b1Ke, Ha 513b1Ke napaMeTpOB M epaBHeHM51 MX 3HaqeHMM. A.Ba 

6AM3KHX M3AeAM51 epaBHHTb AerKO - HanpMMep, ABe nepbeBble 

HAM ABe rnapMKOBble pyqKH (Bee, pa3Mep, lllMpMHa AMHHM, HaJKMM, 

AAMHa AMHHM). ITepbeByro M rnapHKOByro epaBHHTb yJKe eAOJKHee: 

npM BHelllHe OAMHaKOBblX cpyttKI.\H51X 3TO «pa3Hble Bell.\M» - Mbl 

3TO HHTy-HTHBHO 011\YII.\aeM, XOT51 M He MOJKeM OnHeaTh OAHMM na

paMeTpOM. A BOT o6brqHyro nepbeByro pyqKy 11 MapKep epaBHHTh 

no napaMeTpaM JaTPYAHHTeAhHO. Pa3Be qTo no «0611\eTexH11qe

eKMM» - pa3Mep, Bee, eTOMMOeTh, npoqHoeTb ... CAMlllKOM 3TO 

pa3Hble Bell.\H. 11 y HHX pa3Hble o6AaeTH npHMeHeHH51. 

TaK BOT, BMpKaTop - 3TO Apyra51 Bell.\h. 11 no3TOMY TPYA

HO eKa3aTh, qeM OH Ayqrne MAM XYJKe - KpOMe 0611\eTeXHMqe

eKMX napaMeTpOB. lfro6bl nOH51Tb, HaeKOAbKO AaAeK BMpKaTop 

OT KAMeTpOHHO-MarHeTpOHHOro HapOAa, AOeTaToqHo noeMOTpeTh 

Ha erreKTP reHepHpyeMoro HM enrHaAa. Ha pne. 59 noKa3aHhr: 

eAeBa - eneKTp reHepnpyeMoro eMrHaAa, TO eeTh 3aBHeHMOeTh 

MOII.\HOeTM OT qaeTOTbl, enpaBa - 3aBMeMMOeTh Hanp51JKeHHOeTH 

3AeKTp11qeeKoro noM Ha KaTOAe OT BpeMeHH. Y o6hrqHoro reHepa-

E (t) 

f t 

p (/), .L\E E (t) 

f t 

P111c. 59. Pe)l(HMbl pa6orb1 BHpKaropa (pHc. 59-61 H3 KHWH A.111. Tpy6eu,Kosa 
H A. E. XpaMosa «neKu,HH no CBL!-s11eKrpoHHKe AJ15l cj:>H3HKOB») 
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TopHoro CB"4-rrpH6opa (KAMcTpoHa, MarneTpoHa) AeBa5l 3aBHCH

MOCTh - OAHHO'IHhIM IIHK (pa6oqa51 qacTOTa) H He3HatIHTeJ\.hHhIM 

II1J1MOBOM cpoH. Bepxmi:e ABe 3aBHCHMOCTH OTHOC5lTC5l K OAHOMY 

3HatieHHIO TOKa, Hlf./KHHe - K ApyroMy, 601\.hrneMy. BHAHO, 'ITO 

B 3asHCHMOCTH OT TOKa peJKHM MeH5leTc5l rrpHHIJ;HIIHaJ\.hHO. CH

cTeMa - rrpH'IeM O'IeHh rrpOCTM CHCTeMa - BeAeT ce65l CJ\.OJKHO. 

Ho 3THM AeAo AaAeKo He KOHtiaeTc5l. B o6'beMe rrpH6opa, 

KpOMe 3.1\.eKTpOHOB, o6hl'IHO eCTh H HOHhl, qacTH'IHO KOMIIeHCH

pyIOn.i;He rrpocTpaHCTBeHHhIM 3ap5lA. Ka3aAOCh 6hI, pa3 BAH5lHHe 

rrpocTpaHCTBeHHOro 3ap51Aa 3.1\.eKTpOHOB OCAa6AeHo, TO BC5l Kap

THHa rrpoCTO CABHHeTC5l B o6AaCTh 601\.hillHX TOKOB. 

0THIOAh HeT! CHryaIJ;H5l cTaHeT HaMHoro 6oAee cAOJK.Holi. 

Ha pHC. 60 IIOKa3aHhI rrpHMephI HeKOTOphIX CHryai.i;Hli, B03HH

KaIO~HX, ecAH cpe,1'.,HHH 3ap51.A HOHOB paBeH cpe,l'.,HeMy 3ap51.AY 

3AeKTpOHOB. KaK H Ha rrpeAhIAyn.i;eM pHcyttKe, cAeBa cneKTp -

3aBHCHMOCTh MOII.i;HOCTH OT qacTOThI, crrpaBa - 3aBHCHMOCTh IIO

J\.5l Ha KaTOAe OT speMeHH. Csepxy BHH3 - pocT TOKa. Ha 3TOT pa3 

Mhl BHAHM He ABa, a TpH rrpHHIJ;HIIHaJ\.hHO pa3HhIX peJKHMa: ill)'M 

co CAerKa BhIAeJ\.5lIOII.i;HMHC5l IIHKaMH Ha orrpeAeAeHHhlX qacTOTax, 

IIOTOM - reHepaIJ;H5l Ha HeKOTOphIX qacTOTax rrpH Hd!UI'IHH 3a

MeTHOro cpoHa H, HaKOHei.i;, - 'IHCTO II1)7MOBOM CHrHaA. 

Ho H 3TO en.i;e He see. BeAh MhI paccMoTpeAH cttryaIJ;HIO, Ko

rAa 3ap5lA KOMIIeHCHpoBaH IIOJ\.HOCThIO, HO BeAh MOJKHO paccMOT

peTh H BapHaHT, KOrAa KOMIIeHCaIJ;H5l qaCTH'IHa. A,AfJ. paCCMOTpe

HH5l 3TOro KOIIlMapa HaM IIPHAeTC5l BBeCTH BTOpoM: rrapaMeTp -

KpOMe TOKa, MeH5lThC5l 6yAeT H CTerreHh KOMIIeHCaIJ;HH. KapTHHOK 

B 3TOM CAyqae rrpHIIl.l\.OCh 6hI pHCOBaTh TaK MHoro, 'ITO Mhl C3KOHO

MHM THIIOrpacpcKyIO KpacKy H IIOCTYfiHM HHatie. ITo OCH a6CIJ;HCC 

OTJ\.OJKHM BeAH'IHHy, rrporropIJ;HOHa.l\.hHyIO TOKY (TO'IHee, TaK Ha-

3hIBaeMhIM napaMeTp ITHpca, «a», rrporropi.i;ttoHa.l\.hHhlM KOpHIO 

H3 TOKa), no OCH OPAHHaT - «n», OTHOIIleHHe 3ap5lAa HOHOB 

K cpeAHeMy 3.1\.eKTpOHHOMY 3ap5lAY (pHC. 61). 06AaCTH peaAH3a

IJ;HH pa3HhIX peJKHMOB o6o3HatieHhI pa3HhIMH 6YKBaMn. PaHee 

paccMOTpeHHhle CAyqaH: n = 0 COOTBeTCTByeT B 3aBHCHMOCTH 

OT a (oT TOKa) ABYM peJKHMaM S H R, a n = 1 - TpeM (81 , 

C1 H C2). 
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p (f) 

p (f) 

p (f) 

3. Kor11.a He BMell.laeTCR 

E (t) 

f 

E (t) 

~ ~ 
f 

E (t) 

f 

Pi.tc. 60. PelKlllMbl pa60Tb1 BlilpKaTOpa 
nplil KOMneHCalllillil (B cpeAHeM) 3ap51Aa 

t 

t 

t 

PaccMoTpeHHaH HaMH c1rryan;HH H.l\JUOCTpHpyeT OAHY oqeHh 

Ba.JKHYJO - cyrn;ecTBeHHO 6oAee BaJKHYJO, qeM Bee 3BIT CBl.J -
Bein;h. PeaAhHaH CTPYKTYPa, rrpHqeM oqeHh rrpocTaH (ABa ITAOCKHX 

napaAAeAbHhlX 3AeKTPOAa, IlOTOK 3AeKTpOHOB H HOHhI, qacTHqHQ 

KOMileHCHpYJOin;He 3ap51A 3AeKTpOHOB) MOJKeT BeCTH ce651 oqeHh 

CAOJKHO, npHqeM He npocTo CAOJKHO, a - Henpegcxa3yeMo. AeAo 

B TOM, qTQ IllYM - 3TO xaOTifqecKoe IlOBeAeHHe, If ecAH cneKTp 
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n 

0,8 
s 

0,6 

0,4 
R 

0,2 

0,0 

P111c. 61. Pa361-1eH1-1e n11ocKocrn (a, n) Ha 0611acrn 
c pa3JlW·lHblMl-1 rnnaM1-1 K011e6aH1-1L:1 

(AeBhie KapTHHK11) caM no ce6e .SIB.1\.51eTCH ycpeAHeHHeM HOH CTa-
6HAeH BO BpeMeHH, TO 3aBHCHMOCTh II0./\.51 OT BpeMeHH (rrpaBble 
KapTHHKH) xaoTwrna! Aa/Ke 3HM crreKTp, He.l\.b3H rrpeACKa3aTh, 
KaKOH 6yAeT HarrpH/KeHHOCTh II0./\.51 qepe3 ceKYHAY· 

BoT rrpocToH: rrpttMep. PaccMoTpHM OAHY KOHKpeTHYIO ayAH
Topmo B MoeM POAHOM By3e, Ml13Me. EyAeM 3arrttchIBaTh pa3 

B MHHJTY (HAH pa3 B ceKYHAY) KoAHqecTBO cryAeHTOB B Hell. 
l.Jepe3 HeAe.l\10 Mhl IIOAyqHM rrpttMepHO TaKyio Ta6AHu;y: 0 qeAO
BeK - 52 % CAyqaeB, 1 qeJ\.OBeK - 1,5 % CAyqaeB, 2 - 3,2 %, 3 -
2,4%, 4 - 2,6% ... 20 - 7,8%, 21 - 8,1 %. 22 - 5,6%, 23 -
4,2% ... 38 - 3%, 39 - 5,2%, 40 - 4,1 %, 41 - 2,0% ... 3TO 
H Ha3bIBaeTcH crre1np. Ho.l\.b qeAOBeK - 3TO HoqHhie 3aMephI. 
f1HK B 06./\.aCTH 21 qeJ\.OBeKa - 3TO ceMHHapCKHe 3aHHTHH, a IIHK 
B o6AacTH 39 qeAoBeK - 3TO AeKu;tttt A./\.51 AByx rpyrrrr. MbI orrtt
caAH HB.l\.eHHe, rrpoBeAH ycpeAHeHHe no BpeMeHH, 11 Aa/Ke CMOf.l\.H 
rroHHTh, qTo rrpottcxoART! Ho rrpeACKd3dTh KoAHqecTBO cryAeHTOB 
Ha CAeAyiorn;eM ceMHHape Mhl He CMO)KeM - CKOpee Bcero, 6yAeT 
Me/KAy 20 H 23, HO ToqHee cKa3aTh TPYAHO. PoBHO TaK /Ke He.l\.b3H 
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aHO)J. 

Ka TO)]. 

3. Kor,D.a He aMe~aercR 

mip'fYaJihHbIH 

P111c. 62. OTpa>KaTellbHbliil Tp110A 

BMP'fYaJihHhlH 
Ka TO)]. 

I _ _, 

aHO)J. KOJUieKTop 

0 KHO tI.lliI 
BhlBO)J.a 

3Hepnm 

OKH 0 )1.lliI 

BhlBO)J.a 

3Hepnm 

P111c. 63. B11pKaTOp Ha npo11eTHOM TOKe 

rrpeACKa3aTb 3Haqemre Harrp5DKeHHOCTH IIOAfI B BHpKaTope B Ka

KOH-TO orrpeAeAeHHhIH MOMeHT. 

KaK MO>KeT 6hlTh ycTpoeH reHepaTop Ha BHpTyaAbHOM KaTOAe? 

BapHaHTOB KOHCTPYKI.J;RH MHoro; BOT ABa rrpHMepa: Ha pHc. 62 
IIOKa3aH TaK Ha3bIBaeMhIH OTpa>KaTeAbHhIH TPHOA, Ha pHC. 63 -
BH:pKaTOp Ha rrpoAeTHOM TOKe. (CTpeAKaMH Ha pHCYHKaX IIOKa-

3aHhI TpaeKTOpHH: 3AeKTpOHOB.) 

Ao cRx rrop MhI paccMaTpRBaAH: BHpKaTOphI, TaK cKa3aTh, 

«B qH:CTOM BH:Ae». 0AHaKO Ha OCHOBe BHpKaTopa MO>KeT 6hITh 
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CAeAaH H rH6PHAHhIH rrpH6op, KOM6Irnau;m1 BHpKaTopa c APyrHM 

CBl.J-rrpH6opoM. 

HarrpHMep, ecAH Ta qacTh 3AeKTpOHHOro rryqKa, KoTopaH 

rrpoXOAHT CKB03b o6AaCTb BHp'fYaAbHOfO KaTOAd, IIOIIaAaeT B J\OB, 
TO HdBCTpeqy nyqKy HaqHHaeT pacnpocTpaH51TbC5I 3AeKTpOMar

HHTHd5I BOAHa, KOTOpa51 AOXOAHT AO KdTOAa BHpKaTopa H Haq1rna

eT MOAYAHPOBaTb rryqoK em;e AO rrorraAaHHH B o6AaCTh BHp'fYaAb

Horo KaTOAa. 

B 3aKAJOqeHHe 3Toro pa3AeAa ocTaHOBHMCH em;e Ha OAHOH: 

rrpo6AeMe. Co6cTBeHHO, c Heli, B rrpHHIJ,mie, Mor CTOAKHyThCH 

AI06oli CBl.J-rrpH6op, HO rrpoH30lllAO 3TO, ecTeCTBeHHO, c BHpKa

TopoM, rrocKOAhKY OH CTaA caMhIM MOilJ,HhIM HMIIYAhCHblM CBl.J

npH6opoM. B03Ayx - 3To cMech ra30B, a B ra3e rrpH orrpeAeAeH

HOR HanpHJKeHHOCTH rroAH rrpoHCXOAHT rrpo6oli H 3aJKHraeTc5I 

fd30Bblll pa3p5IA, B03Ayx CTaHOBHTC5I rrpOBOAHHKOM. lloAyqaeTC51, 

qTo 6oAblllYJO CBl.J-MOilJ,HOcTh, AaJKe ecAH ee yAaeTCH co3AaTb 

B BaKYYMe, B o6'heMe npH6opa, He yAaCTCH BhrnecTH B aTMoccpe

py. ll03TOMY cy111,ecTByeT nopor MOill;HOCTH, rrpeBblCHTb KOTOpblll 

B03MOJKHO TOAbKO B BaKYYMe, TO eCTb B KOCMOCe! 

A,pyroe B03MOJKHOe pellleHHe - reHepHpOBdTb MOilJ,HOCTb 

HeCKOAbKHMH rrpH6opaMH H HarrpaBMTb ee Ha o6'heKT, ecAH yroA

HO, HeCKOAbKHMH rroTOKaMH. TorAa CYMMHpOBaTbCH MOilJ,HOCTH 

6yAyT Ha HeKOTOpOM paccT05IHHH OT reHepaTopa, fAe BOAHa yJKe 

6yAeT OCAa6AeHHOll, c MeHbllleH MOilJ,HOCTbIO. 

4. KaK HapMcoeaTb He-<l>yHKU.MtO 

HaqHeM c rrpocTelilllero BapHaHTa. llycTb Ha corrpoTHBAe

HHe IIOAaeTC51 H3MeH5IeMoe HaIIp5IJKeHHe H orrpeAeMeTCH 3aBH

CHMOCTb TOKa OT 3T0f0 HdIIp5IJKeHH5I. 3aBHCHMOCTb 6yAeT Ilp5IMOH 

AHHHeli I = U / R ( 3aKQH 0Ma), ecAH R rrocTOHHHO. 3cpcpeKTaMH 

HarpeBa corrpOTHBAeHH5I TOKOM, CJKaTH5I TOKd CBOHM MdfHHTHbIM 

IIOAeM (IIHHq) HAH IIOBepxHOCTHbIM ( «CKHH-3cpcpeKTOM») rrpeHe-

6peraeM. l.JyTb 6oAee CAOJKHbIR cAyqali - HeAHHeH:Hoe corrpoTHB

AeHHe, HaIIpHMep, IIOAyrrpOBOAHHKOBblll AHOA HAH CTa6HAHTpOH 

(pHC. 64). 
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4. KaK Hapucoaarb He-<jJyHKU.MIO 

I 
2 

u 
PMc. 64. nHHe~Hb1e (1) H He11HHe~Hbte (AHOA - 2, cra6H11HrpoH - 3) 

conpoTHBJleHH51, a TatoKe HeMOHOTOHHa51 3asHCHMOCTb (TyHH91lbHbt~ AHOA- 4) 

I 

c/R 

BoJibT-aMrrepmui: 
xapaKTepacrn:Ka 
TJl 

l 

PMc. 65. Harpy3Ka - TYHH9JlbHbl~ AHOA 

Ern;e 6oAee CAOJKHhIH cAyqa:i1: - HeMOHOTOHHa.H 3aBHCHMOCTh 

I OT U (pHc. 65), cso:i1:cTBeHHa51 ry1rneAhHOMY AHOAY· B 3TOM rro

cAeAHeM CAyqae, B OTAlfqlfe OT rrepBhIX Tpex, HHOI'Ad B rrpocTeH

nmx cxeMax H3 6aTapeHKH, COIIpOTHBAeHH51 H AHOAd B03MOJKHhl 

ABd ycTo:i1:qHBhIX COCT051HH51 (pHC. 65). 
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I 

3 

2 

II 

Is """"'=-~~~~~~~~~~~~ 
0 u 

PHc. 66. Bo11bT-aMnepHa5! xapaKrep~crnKa rnp~cropa 

r.rry6Irna 

MHHHM)'Ma 

noTettu;mUia 

0 

ycTOJi:qHBbIH 

pe.>KHM 

I 

2 KOJie6aTeJibHhIH 

pe.>KHM 

PHc. 67. Cmyal..l~51 s saKyyMHOM 3a3ope 

3 

Ho 3TO Bee JKe C.l\.y<IaH, KOrAa 3aBHCHMOCTb TOKa OT HaIIpH

JKeHHH OAH03HalJHa. y THpHCTOpa 3TO yJKe He TaK (pttc. 66). f1p11 

YBe.l\.li'leHHH IIOAaHHoro Ha Hero HarrpHJKeHHH OT 0 AO U max, a rro

TOM YMeHhllleHHH AO 0, pa6otJaH TO'IKa rrepeMe~aeTCH no TpaeK-
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4. KaK HapucoaaTb He-c/JyHKu,mo 

TOp1111 0 - 1 - 2 - 3 - 2 - 4 - 5 - 0, a TOK, COOTBeTCTBeHHO, 

0 - I 1 - Iz - h - h - I4 - Is - 0, ITp11qeM OT I 1 K [z 11 OT I 4 K Is 
TOK 113MeH51eTC51 CKaqKoM. 

TioxoJKa51 c11-ryau;1151 peaMrnyeTC51 11 B BaKYYMHOM 3a3ope, 

B KOTOpbIH BBOA11TC51 TOK. Ha p11c. 67 11306paJKeHa CB513h TOKa 

ITyqKa, Ml1Hl1MaAhHOfO ITOTeHu;11aAa B 3a3ope 11 ycTo:l1:q11BOCTl1 pe

JKHMa. Tip11 YBeJlliqeH1111 TOKa OT 0 AO MaKcHMa.AhHoro 3HaqeHH51 

11 ITOCAeAyKnu;eM YMeHhIIIeH1111 TOKa AO 0, pa6oqa51 ToqKa ITepe

Meiu;aeTc51 ITO TpaeKTop1111 0 - 5 - 1 - 2 - 3 - 2 - 4 - 5 - 0, ITPH 

3TOM Ha yqacTKax 0 - 5 - 1 11 5 - 3 - 4 ITOAOJKeH11e TQqK11 ycTOH

q11BO, Ha yqacTKe 1 - 4 ITOAOJKeH11e HeycTo:l1:q11Bo, a reHepau;m1 

ITpOHCXOAHT Ha yqacTKe 4 - 2 - 3. 

OTcTynneH111e 6 - no~eMy npownoe 
He noxo>Ke Ha HacToS1w.ee 

Tio MHOfHM ITp11q11HaM. A ITO MHOfHM - ITOXOJKe. I1CTOp1151 -

ec./lli Mhl He ITPOCTO ITepeq11cA5leM AaThl 11 KTO KOfO OTpaBHA, a xo

THM ITOH51Th, ITOqeMy BCe IIIAO TaK 11./lli 3TaK, - CAOJKHa51 HaYKa. 

Ho OAHY BeI:Qh HdAO 11MeTh B BHAY BcerAa: ITPOIIIAoe He ITOXOJKe 

Ha HaCT051I:Qee ITOTOMy, qTo Mhl BHAHM era He HeITOCpeACTBeHHO, 

KaK HaCT051I:Qee, a TOAhKO KaK CAeA, KaK OTpaJKeH11e. 0TpaJKeHHe 

B Beiu;ax, AOKYMeHTax, B Mmpax, B YMax 11 CAOBax AIOAeH:, ITp11qeM 

BCerAa B TOH 11./lli HHOH Mepe HCKaJKeHHOe. Tip11q11H AAfJ. HCKa

JKeHHH MHOfO, HO AaJKe ec./lli He BAaBaThC51 B HX aHa.1\113, BHAHO, 

qTO cyiu;ecTBYJOT ITp11q11Hhl, He CB513aHHhie c ITCl1XOAOr11eH: AIO

AeH, a cyiu;ecTBYJOT 11 CB513aHHhie. I1 3TO BeChMa OCAOJKH.HeT aHa

.1\113, 1160 ITPHXOAHTC51 ee yq11ThIBaTh, AYMaTh, qTo 11 IToq~MY AIOAH 

He XOT51T BCITOMHHaTh, qTo HM BCITOMHHaTh CThlAHO 11./lli CTpaIIIHO. 

lfro KacaeTc51 11cTop1111 3BTI CBLJ, TO TYT c11-ryau;1151 cpaB

HHTeAhHO ITpOCTa: Mhl BHAHM ITpOIIIAOe HeCKOAhKO yrrpoiu;eHHhIM, 

1160 AO ceroAH51IIIHero AH51 AOJKH.llli TOAhKO xopoIII11e, 3¢¢eKTHB

Hhie Bap11aHThI ITp116opoB. Aa 11 TO He Bee, ITOCKOAhKY HeKoTophle 

ycTYIIH.llli MecTo ITOAyrrpoBOAHHKOBhIM ITp116opaM. A Ha caMoM 

AeAe Bap11aHTOB TexH11qecK11x peIIIeHHH 6hIAO HaMHoro 6oAhIIIe. 
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ITpaBAa, rrpn 60.1\hIIIOM :>KeAaHHH MO:>KHO nx pacKorraTh H H3Y

qnTh - c~eCTBYJOT 6H6AHOTeKH rraTeHTOB, lf B HllX OTpa:>KeHhl, 

HaBepHoe, rroqTlf Bee TexHnqecKHe peIIIeHHH. 

CeroAHHIIIHHH cHrya.u;1rn c 3BIT CB"l!, KOTopyro MhI ycAOBHO 

Hd3hrnaeM «BTopo:H 3IIoxo:H» (rrpHBeT HYMeHopy), BhirAHAHT Ha

MHoro 6oAee pa3Hoo6pa3HOH. C~ecTBYIOT AeCHTKH BapHaHTOB 

Kd)KAOfO rrpn6opa! 11 ·Ka)KAhIH fOA IIOHBAHIOTCH HOBhle. 11 Bee -

co CBOHMH Hd3BaHHHMH... XoA pa3BHTHH TeXHHKH CAeAaeT CBoe 

«qepHoe AeAO»: OT Bcero 3Toro pa3HOTpdBbH OCTdHYTCH qeTbipe

IIHTb OCHOBHbIX TllIIOB (TaK CKd3dTb, M3HHCTPHM), KOTOphre ll 6y

AYT H3yqaThCH cryAeHTaMH qepe3 rrHTHdAI.J;dTh AeT. A ocTd.l\hHoe 

CTaHeT AOCTOHHHeM llCTOpllll TeXHHKll. 

BHecH CBOH Heo6xOAHMhIH BKAdA B o6rn;nli XOA pa3BHTHH, 

B KOHKypeHD;lllO ll KOorrepa.u;HIO, 6e3 KOTOpb!X HeT ll He 6yAeT 

rrporpecca. 



rnaaa 8 

Cepp,1.4e 3neKTpOHHoro npu6opa 

1 . "ITo 111 no'4eMy '4e11oeeK Ha3b1eaeT cepAu.eM 

B opraHH3Me qeAOBeKa eCTb MHOfO TaKHX opraHOB, 6e3 KOTO

pbIX qeAOBeK He MO:>KeT :>KHTb - cepAn;e, rreqeH'b, AerKHe, rroqKH, 

M03r. Ho KOrAa XOT51T )lKa3aTb Ha Ba:>KHOCTb KaKOfO-TO 3AeMeHTa 

60AblllOH cttcTeMbI, roBop51T «cepAn;e». H. Pepttx Ha3BaA CBOIO 

KHHry «B cepAu;e A3HH», H. EcppeMOB - "Cor Serpentis" -

CepAu;e 3MeH. l1 HaKOHeu;, AI06HMblll IIITaMrr ITAOXHX ITHCaTeAeH 

«cepAu;e ero 3aTperreTaAO». 0AHaKo He CKa:>Kelllh - «rreqeHh ero 

3aTperreTaAa», «AerKHe 3aAPO:>KaAH», «rrOqKJ1 C:>KaAHCb OT y:>Kaca». 

no-BHAMMOMy, AeAo B TOM, qTo peaKI.J;M51 cepAn;a Ha BC51KOfO POAa 

3MOI.J;MOHaAbHOe B036y:>KAeHHe - M3MeHeHMe qacTOTbl rryAbca -

AerKo Ha6AIOAaeMa AA5I qeAoBeKa. Do3TOMY M KaTOA Ha3hIBaIOT 

«cepAI.J;eM 3AeKTpoHHoro rrpM6opa» - ero peaKI.J;M51 Ha tterroAaA

KH B rrptt6ope M B caMOM KaTOAe AerKO Ha6AIOAaeMa - OH rrepe

CTaeT pa6oTaTh. 

KaKoe cepAu;e BaM xoTeAOCh 6bI HMeTh? 0TBeT oqeBMAeH -

3AOpoBoe M AOAroBeqttoe. EcAH qeAoBeK Mor 6h1 Bb16MpaTh, Ka

Koe cepAu;e eMy MMeTb - 6oAee 3AOPOBOe, HO Mettee AOArOBetI

HOe HAM Hao6opoT, TO MMeA 6bI CMhlCA Borrpoc - KaKoe Ayqllle. 

YeAoBeKy TaKoli Bb16op 06b1qHo He rrpeAOCTaBA51eTC51, pa3pa60T

tIHKM :>Ke 3AeKTpOHHbIX rrpM6opoB HaXOA51TC5I B 6oAee CAO:>KHOM 

ITOAO:>KeHHH. 

06II.J;a51 KapTHHa, TaK CKa3aTb, «B3fA51A c BbICOTbl» Ha CAO

:>KMBlllyIOC51 B pe3yAbTaTe BeKOBOrO pa3BHTM51 KaTOAOB CMryan;MIO, 

TaKoBa - KaTOAhl, crroco6Hble rrpH rrpoqMx paBHbIX ycAOBM51X 

3MMTTMpOBaTh 60AblllOll TOK, HMeIOT MeHbllllfll cpoK CAy:>K6bI. 

0TCIOAa qacTO CAeAyeT - rrpM60pbI, o6ecrre'lMBaIOII.J;Me AyqlllMe 
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rrapaMeTpbI, HMeIOT MeHhIIIHli cpoK cAyJK6br. XopoIIIee n AOMo

BeqHoe CAeAaTh Boo6rn;e oqeHb TPYAHO ! ... H B o6AaCTH BaKYYMHOli 

3.i\eKTpoHHKH - B qacTHOCTH. AocTHrHYThie coqeTaHHH KaqecTBa 

H AO.i\I'OBeqHOCTH B 3HaqnTe.i\bHOll Mepe orrpeAeMIOTCH KaTOAaMH. 

2. no~eMy C rOAaMll'1 KaTOAbl 
cTaHoe1r1n1r1cb ny~we eo ecex CMb1cnax 

TiepBbie 3BTI HMe.i\H cpOK cAyJK6bI OKOAO TblCHqll qacoB 

n MeHee; BIIOCAeACTBHH ero YAaAOCb AOBeCTH AO AeCHTKOB H coTeH 

ThIC.fiq qacoB c OAHOBpeMeHHblM yBe.i\HqeHHeM 3MHCCHH KaTOAOB. 

Ka3aAOCh 6hr, rrporn;e yAyqlllaTh OAHH rrapaMeTp 3a cqeT Apyro

ro H Hao6opoT; HO IIOTpe6HTe.i\b, KaK rrpaBH.i\O, Tpe6yeT yAyq

IIIeHH.fI OAHOro rrapaMeTpa rrpH coxpaHeHHH (HAR yAyqIIIeHHH) 

Apyrnx. KpoMe Toro, B KaTOAHOli TeXHHKe 6brAa H qucTo cpH3H

qecKaH rrpnqJ.rna AM OAHOBpeMeHHoro YBeAHqeHHH H 3MHCCHH 

H cpoKa cAyJK6bI. TiocMOTpHTe Ha pwc. 68. Pa3Hhie Kptt:Bhie co

OTBeTCTByIOT pa3HOMY BaKYYMY (pa3HOMY AaBAeHHIO OCTaToqHhIX 

ra30B B 3BTI). qeM BaKYYM xyJKe (AaBAemie RAH KOHIJ;eHTpa~HH 

3MHCCIDI 

TeMnepaTypa 

P111c. 68. 3aBlt1Clt1MOCTb 3Mlt1CCl.11t1 OT TeMneparypbl lt1 BaKyyMa 
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3. MHoro nnoxux unu Oil.UH xopow/11171? 

ra3oB 6oADllle), TeM 3M11ee1u:r (rrp11 TOH JKe TeMrreparype) MeHhllle. 

DyeTh rrepBa.H AaMrra, KOTOpyIO MhI eAeAaAH, pa6oTaeT B TO'lKe 1 
(rrp11 TeMrreparype T1 11 3M11ee1111 11). YAYtilll11B BaKyyM, MhI MO
JKeM AH6o YBeAHql1Th 3M11ee1110 AO 12 {rrepeilT11 B TO'lKY 2) AH6o 

eoxpaH11B 3M11ee1110, YMeHhllll1Tb TeMrreparypy KaTOAa AO T3 (rre

peliT11 B TO'IKY 3). A MOJKeM OAHOBpeMeHHO 11 yBeAH'lHTh 3Ml1eeHIO 

11 YMeHhllll1Th TeMrreparypy KaTOAa. YMeHbllleH11e JKe TeMrrepary
phr KaTOAa - 3TO To JKe eaMoe, qTo YBeAH'leH11e epoKa eAyJK6hI. 
l.JeM MeHbllle TeMrreparypa, TeM MeHbllle eKopoeTb 11errapeHl1H, 

MeAAeHHee paeXOA MaTep11aAa KaTOAa 11 60Abllle epoK eAyJK6bI. 
AelieTB11TeAhHaH e11ryau;11H, KOHe'lHo, eAOJKHee. C HeKoTopbIM11 
113 3THX eAOJKHOeTeli Mhl rro3HaKoM11MeH AaADllle. Ho B AI06oM 

eAY'Iae cppa3a «AeReTBl1TeAbHa.H e11ryau;11H eJ\.OJKHee» He AOJ\.)KHa 
Bae oropqaTb. BeAh He 6yAh OHa eAOJKHee, qeM 6hl Mhl 3aHHMa

J\.Heh 3aBTpa? 
KoHetIHO, epoK eAyJK6hI 3Bn MOJKeT orrpeAeMTheH 11 He epo

KOM eAyJK6hI KaTOAa. MoJKeT B03HHKHYTh Teqh B 0601\.0tIKe rrp11-

6opa, MOJKeT rrpoH30RTl1 BaKyyMHhlR rrpo6oif, rrepexoA.Hru;Hil BAY

ry H paerrAaBJ\.eH11e 31\.eKTPOAOB, MOJKeT «IIpoeTO» pa3pyrnMThe.H 

KaKa.H-AH60 AeTaAD. Bee 31\.eKTPOAhl, Ha KOTOphie IIOIIaAaeT 31\.eK

TpOHHhIH IIOTOK, HarpeBaIOTeH; rrpM HarpeBe B03Hl1KaIOT MeXaHM
tieeKHe HarrpHJKeHHH 11 MaTepMaA pa3pyrnaeTeH. Ho B 6oADllIMH
eTBe eAY'laeB epoK eAyJK6hI 3Bn orrpeAeJ\.HeTe.H epOKOM eAyJK-

6bI KdTOAd. 06bI'lHO eaMbIR ropH'lHM 3AeMeHT 3BD, Ha1160Aee 

qYBeTBHTeJ\.hHbIH K HdIIhIJ\.eHHHM Ha ero IIOBepXHOeTh H K Ha
J\.HqHJO oeTdTO'lHhIX I'd30B B o6'beMe rrp116opa, 31\.eMeHT, KOTOpbIH 

6oM6apAHpyeTe.H M paeIIhIAHeTe.H IIOTOKOM OTp11u;aTeJ\.hHhIX HOHOB 

113 o6'heMa np116opa ... HeAerKo 6hITh eepAu;eM. 

3. MHoro nnoXMX MnM OAMH xopOWMH? 

l.JTO AY'lllie - HMeTh MHOI'O ITJ\.OXl1X {11 AellleBbIX) KaTOAOB 
11AH OA11H xopOllll1R (11 AOporoH:)? 3TO 3aB11e11T OT Toro, AYtI

llle 11MeTb MHOI'O IIAOXl1X (11 AellieBbIX) 3Bn 11AH OAHH xopOllll1R 

(H AOporoli)? DAox11e np116opb1 np11AeTrn MeHHTh no Mepe BhIXO

Aa H3 eTpOH, rrp116aB.HTe.H paeXOAhI Ha o6eAyJKHBaHHe M y6hITKM 
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rnasa 8. CepA1..1e aneKTpOHHoro npu6opa 

OT rrpOCTO.H CMCTeMbl rrpM CMeHe rrpM6opa (ecAH He rrpMMeHeHO 

«rOp.Hqee pe3epBMpoBaHMe» - MrHOBeHHoe IIOAKAfOqeHMe roTO

Boro K pa6oTe 3arracHoro KOMIIAeKTa arrrraparypb1). l1TaK, qTo 

AyqIIIe - 3aBMCMT OT Toro, B KaKMX ycAOBWIX pa6oTaeT KaTOA. 

CpaBHMTe.l\.bHO HeCAOJKHO cMeHMTh KaTOA B rrAaBM.l\.bHOH rreqM -

ee Bee paBHO pery.l\..HpHO BCKpbIBaIOT M, caMM IIOHMMaeTe, He

YA06HO MeH.HTh AaMrry, AeTaIOrn.YIO Ha CIIYTHMKe. l1TaK, rrpMHMMa.H 

TeXHMqecKoe peIIIeHMe, HaAO rrpMHMMaTb BO BHMMaHMe nrnpOKMH 

Kpyr cpaKTOpOB. 3TO rrpocTa.H MCTMHa, HO KaK HerrpOCTO eli CAeAO

BaTb ..• TaK HeIIpOCTO, qTo rrporroBeAM 3TOH MCTMHbl IIOCB.HI.IJ,aIOT 

u;e.l\.bie KHMrM (Aa)Ke AByxTOMHMKM ! ) r HarrpMMep A;K. BQH I'ur (( ITpM

K.l\.aAHa.H o6rn.a.H TeopM.H CMCTeM» (M.: ITporpecc, 1981). l1HTepec

HO BOT qTO - CaMa MAe.H 0 TOM, qTo HaAO IlpMHMMaTb BO BHMMaHMe 

IIIMpOKMH Kpyr cpaKTOpOB, B CTpaHaX c TOTaAHTapHbIM peJKMMOM 

cqMTaeTC.H «BpeAHOH». l1MeHHO, B COBeTCKOe BpeM.H 3Ta KHMra 

6bI.l\.a BhIIIyrn.eHa c rpMcpOM «AJ\..H HayqHhlX 6M6.l\.MOTeK» M He rrpo

AaBaAaCb B Mara3MHax. BrrpoqeM, TaKMX KHMr 6b1Ao HeMaAO. 

Ho 3TO AaAeKo He Bee rrpo6AeMbI. EcTh M ApyrMe. HarrpM

Mep, rrpo6AeMa «pa36poca rrapaMeTpOB». EcAH B3.HTh ABa Bpo

Ae 6h1 OAMHaKOBhIX KaToAa M rroMecTMTh B ABa BPOAe 6b1 OAM

HaKOBhIX rrpM6opa, TO MOJKeT TaK OKa3aTbC.H, qTO OAMH rrpopa-

6oTaeT 1000 qacoB, a ApyroH: - B 10 pa3 60.1\.bllle. ITomITHO AH, 

rroqeMy 3TO rrAoxo? EcAH M3rOTOBMTe.l\.b MOJKeT rapaHTMpoBaTb 

.l\.Mlllb 1000 qacoB cpoKa cAyJK6hI, TO IIOTpe6MTe.l\.b MAH BOo6rn.e 

OTKaJKeTC.H OT TaKMX II.l\.OXMX rrpM60pOB MAH 6yAeT BbIHYJKAeH 

rroKyrraTb MHOro 3arracHhIX. AaAee, pa3 6brnaIOT xopolllMe KaTo

AhI, TO, crrpalllMBaeT 3aKa3qMK, HaBepHoe, MOJKHO M Bee AeAaTb 

xopoIIIMMM? PellleHMe 3TOH rrpo6AeMhI - rrpo6AeMhI pa36poca 

rrapaMeTpOB MMeeT ABa acrreKTa - o6rn.eTeXHMqecKMH M qacT

Hblll. 06rn.eTeXHMqecKMH acrreKT COCTOMT B TOM, qTo HMOTKYAa 

HMqTo He IIO.HB.l\..HeTC.H, M ecAH y OAMHaKOBbIX KaTOAOB pa3HblH 

cpoK CAyJK6bI, TO OHM, C.l\.eAOBaTe.l\.bHO, He OAMHaKOBble. A BOT 

pa3HMu;a B qeM MOr.l\.a M3MeHMTb cpoK CAYJK6hI B 10 pa3 - 3TO 

yJKe qacTHhIH acrreKT. CKaJKeM, BaKyyM B rrpM6ope MAH HeK0To

pb1e rrpMMeCM B MaTepMa.l\.e KaTOAa MOryT M3MeHMTb cpoK CAyJK6bI 

M B 10 M B 1000 pa3, a B03pacT M u;BeT rAa3 3KCIIepMMeHTaTopa -
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4. KaK 3amRHJ'Tb B 6y14yLJ.1ee 

HeT. A, CKa)KeM, rrpu HeKOTOpbIX TeCTaX c qeAOBeKOM curyau;m1 

np51MO npoTHBOnOAO)KHdH. t{To HMeHHO M KdK MO)KeT CTOAh CHAb

HO BAH51Th Ha KaTOA, MhI Y3HaeM qYTh no3)Ke. 

4. KaK aarm1HyTb e 6yAyl!4ee 

Apyra51 rrpo6AeMa - rrpo6AeMa ucnhITaHHH, KOTopa51 cocTo

HT H3 rrpo6AeMhl nporH03HpOBaHH51 M npo6AeMbl ycKopeHHhIX 

HCnhITdHHll. f1po6AeMa nporH03HpOBdHH51: 51 CAeAaA 100 KaTO

AOB M xoqy OT06paTb, CKa)KeM, 30 AyqIIIHX. 51CHO, qTo ecAH HX 

HCnhITdTb B TeqeHHe noqTlf nOAHOro cpoKa cAy)K6bI, TO 0 HHX 

MO)KHO 6yAeT KOe-qTo CKa3aTb, HO nocAe TdKHX HCnbITaHHll OHM 

y)Ke He 6YAYT HHKOMY HY)KHhI. )KeAaTeAhHO yMeTh no noBeAe

Hmo KaToAa B TeqeHue 10 qacoB YMeTh (nycTh Aa)Ke He co 100 % 
HaAe)KHOCTblO) rrpeACKa3aTb ero noBeAeHHe B TeqeHHe, CKd)KeM, 

1000 qacoB. KaKoe-To (He CAMIIIKOM xopoIIIee) peIIIeHue 3TOH 3a

Aaqu B03MO)KH0, Ad)Ke ecAH Mhl He noHHMaeM rrpuquH pa36poca 

napaMeTpoB. HanpuMep, MhI ucnhIThrnaeM 1000 KaTOAOB B Teqe

Htte Bcero cpoKa cAy)K6hI u o6Hapy)KttBaeM cAeAy10iu;ee. CpeAH 

KaTOAOB, HMeBIIIHX cpoK CAy)K6bI MeHee 1000 qacOB, y 90 % Ka

TOAOB 3MHCCH51 yBeAHqlfBaAdCh nepBbie 5 qacOB, a noTOM CTa-

6ttAH3HpOBaAaCb, a y 10 % yBeAlfqlfBaAdCh BnAOTb AO 10-ro qaca, 

y KaTOAOB )Ke, HMeBIIIHX cpoK CAy)K6bI 6oAee 1000 qacoB, COOTHO

meHtte «6hICTphIX» u «MeAAeHHhIX» o6paTHOe. CTpeKpacHo! MbI 

HCnhIThIBaeM BnpeAb Bee KaTOAhl B TeqeHHe 10 qacoB M B npu-

6opb1, rAe Hy)KeH 60Ablllllll cpoK CAy)K6bI, CTaBHM Te, y KOTO

pbIX 3MHCCH51 CTa6HAH3HpyeTC51 MeAAeHHO. 3aMeTHM, qTo Mhl 3TO 

AeAaeM, He noHHMa51 npuquH 51BAeHH51 M TeM He MeHee nocry

naeM npaBHAhHO. 11 BCe-TaKH, HenOHHMaHHe BpeAHO - B CHTya

u;uu, KOI'Aa AAlfTeAbHbie HCnhITdHI151 He npoBeAeHhI l1 HeH3BeCTHO, 

qTo KdTOAhI, 6bICTpO yseAHqlfBdlOiu;He 3MHCCHlO, HMelOT MdAhlll 

cpoK cAy)K6bI, MO)KeT npOH30llTH CAeAJlOiu;ee. KOHTpOAb KdTOAOB 

no 3MHCCHH npoBOAHTC51, CKa)KeM, qepe3 5 qacOB nocAe HaqaAa 

pa60Thl M npttBeCTH K TOMy, qTo KdTOAhI, HMelOiu;He 60Ablllllll 

cpOK CAy)K6bI (HO Tpe6Jl0Iu;He 6oAee AAlfTeAbHOro aKTHBHpoBa

HH51), 6YAYT 3a6paKOBaHhl (KaK HMelOiu;tte MeHhIIIYlO 3Ml1CCHlO). 
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rnasa 8. Cep,n.1...1e aneKrpoHHoro npt16opa 

EcAH Mhl IIOHMMaeM, qTO TdKOe MO)KeT 6bITb, TO K KOHTpO.IUO B Te

qeHMe MaAoro BpeMeHM rrpM OTC)'TCTBMM AaHHbIX ITO AAJ1TeAbHOH 

pa6oTe Mbl OTHeceMC5I c HeAOBepMeM. l1 6yAeM COBeprneHHO rrpa

Bbl. Ern;e IIOAe3Hee IIOHMMaTb, KaK rOBOp5IT, «qHf3MKY pa60ThI» 

KaTOAa (rrpaBMAbHee - cpM3MKY M XMMmo), M6o B 3TOM cAyqae, 

HaIIpMMep, CMryau;mo, OIIMCaHHYJO BhIII.Ie, MO)KHO ITpeAyraAaTb. 

Tipo6AeM:a ycKopeHHhIX MCIIhITaHMH COCTOMT B CAeAyiorn;eM: 

rrycTb Mbl pa3pa6aThIBaeM KaTOA, KOTOphIH AOA)KeH MMeTh cpoK 

cAy)K6hI 80 000 qacoB. 3To 10 AeT. He TaK-TO MHoro - MMeHHO 

CTOAbKO AOA)KHhI pa6oTaTh AdMIIbI Ha CII)'THMKe CB5I3M (AO MOpaAb

Horo M3HOCa CII)'THMKa). B rrpou;ecce pa3pa6oTI<.M HdM HaAO MCIIhl

ThIBdTb KaTOAbI, KOTOphie Mhl AeAaeM. l1TaK, MX HdAO MCIIhIThIBaTh 

10 AeT. l1 qTo )Ke, y6eAMBII.IMCh, qTo KdTOAhI xoporno rrpopa60TaAM 

10 AeT, Mhl B03hMeM M IIOCTaBMM B rrpM60pbl TaKMe KaTOAbI, M3-

rOTOBAeHHhie 10 AeT Ha3aA M 6epe)KH0 coxpaH5IBII.IMeC5I Bee 3TO 

BpeM5I? Aa 3a 3TO BpeM5I MbI ITPMAYMaeM qTo-HM6YAh ITOHOBee! 

CTaAo 6hITh, xoqeTcH rrpMAYMdTb crroco6 MCIIbITaHMM, rrpM KOTO

poM MbI Y3HaeM, KaK pa6oTaeT KaTOA, 6h1cTpee qeM 3a 10 AeT -

XOT5I 6hI B 10 pa3. 3aMeThTe, qTo peqh MAeT He o rrporHo3e pa6o

Tocrroco6HocTM B TeqeHMe 10 AeT ITO pa6oTe B TeqeHMe 1 roAa -

MbI corAaCHhI, qTo6hI pecypc (pa60TOCITOC06HOCTM) KaTOAa 6bIA 

M3pacxoAOBaH rroAHOCThIO. Ae11cTBMTeAbHO, AeAaH coTHIO AaMrr 

AA5I cepMM CIT)'THMKOB CB5I3M MhI corAaCHhI MCIIhITaTb AO IIOAHOro 

paCXOAOBaHM5I pecypca - TO eCTh MCIIbITaTh M BhlKMH)'Tb XOTh 

ThICHqy KaTOAOB. CTOMMOCTh crryrHMKa 3TO yneAHqMT He CMAbHO. 

KoHeqHo, rrocAe Toro, KaK KOHCTPYKIJ;M5I M TexHOAOrM5I KaTOAOB 

pa3pa6oTaHhl (c IIOMOID;hlO ycKopeHHhIX MCIIhITdHMH) M rrapTM5I 

KaTOAOB M3rOTOBAeHa, Mhl MO)KeM MCIIhITdTh MX B TeqeHMe HeKO

TOporo BpeMeHM M OTo6paTh M3 M3rOTOBAeHHhIX (IIOAb3Y5ICh TeM 

MAH MHhIM rrpaBMAOM) AyqII.IMe. Ho ITOKa Mbl TeXHOAOrMIO AHII.Ib 

pa3pa6aTbIBaeM, R BHOC5I B Hee Te MAH MHhie M3MeHeHM5I, xo

TMM 3HdTh, KdK CKa)KyrCH OHM Ha cpoKe CAy)K6hl. AA5I 3TOro Mhl 

6epeM HeCKOAbKO KdTOAOB M MCIIhITbIBaeM MX rrpM 60ABII.IeH TeM

ITepaTYPe, qeM Ta, ITPM KOTOpOH MM ITPeACTOMT pa6oTaTh. TipM 

3TOM cpoK cAy)K6bI COKparn;aeTC5I M MO)KHO MCIThITaTb KaTOA B Te

qeHMe 8000 qacoB M YBMAeTb KOHeu; ero cpoKa cAy:>K6hI. EcAH MhI 
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5. Bonb¢paM: OH 6bm nepBbtM 

TBepAO 3HaeM, KaK yBeJlliqeHHe TeMrrepaTYPbI YMeHbIIIaeT cpoK 

CJ\.y)K6bI, HaIIIa 3dAaqa perneHa. EeAa, KaK H CJ\.eAOBdJ\.O O)KliAdTb, 

B TOM, qTo Mbl He BCerAa 3HaeM, KaK y-BeJ\HqeHHe TeMrrepaTYPhI 

COKparn;aeT cpOK CJ\.y)K6bI. DOJ\.ee Toro, orrpeAeAHB 3TO Ha rrapTHH 

KdTOAOB, li3rOTOBJ\.eHHbIX ITO OAHOH TeXHOJ\.Orlili, MbI He MO)KeM 

6hITb y-BepeHhI, qTO 3Ta 3aBHCliMOCTb coxpaHHTCH rrpli Ii3MeHeHlili 

TeXHOJ\.OrHH KdTOAOB. EAHHCTBeHHOe, qTo 3AeCb MO)KeT IIOMOqb -

3TO OIIHTb )Ke IIOHliMdHlie cpH3liKli Ii XHMlili pa60TbI KaTOAOB. ITe

peHAeM )Ke K cpH3H:Ke Ii XliMHli pa60TbI OCHOBHbIX TliIIOB KdTOAOB. 

5. Bonb<l>paM: OH 6bin nepeb1M 

ITpH Tex TeMrrepaTypax, IIpli KOTOpbIX 3MHCCHH c BOJ\bcppa

Ma H:MeeT BIIOJ\.He 3aMeTHYIO BeJlliqHHy, OH ern;e He IIJ\.dBliTCH, Ad 

Ii HcrrapHeTCH rrpH 3THX TeMrrepaTYPaX OH MeAJ\eHHO - BOJ\b

cppaMOBbIH KdTOA MO)KeT H:MeTb cpoK CJ\.y)K6bI B COTHli qacoB. 

DOJ\bIIIOe AOCTOHHCTBO BOJ\bcppaMOBOro KdTOAa - pa60TOCIIO

co6HOCTb B BdKYYMe 10-4 Topp. ITo COBpeMeHHbIM IIOHHTHHM AJ\H 
3.i\eKTpOHHOH J\.dMIIbI TaKOH BaKyyM 6e3HdAe)KH0 IIAOX, HO OTCIOAa 

HaqHHaAacb HCTopHH 3BIT. ITepBbIH 'leAoBeK pa3yMHhIH, TO ecTh 

no MHeHHIO A H. H E. H. CTpyrau;KHX «npoBepTeBIIIHH nepBYIQ 

Abipy B KdMHe» («ITOHeAeJ\bHliK HaqH:HaeTCH B cy66ory») TO)Ke 

BbirMAeA He oqeHb 3.i\eraHTHO. XOTH COBpeMeHHdH MOAa, ycrrern

HO Hrpa10rn;aH Ha )KeJ\.aHHH 6hITb «B o6rn;eM» He xy)Ke Bcex H XOTb 

qeM-TO BhIAeMThCH «B qacTHOCTH», MO)KeT 3aBeCTH AaAeKo ... 

l1TaK, BOAbcppaM ycrreIIIHO 3MliTTHpOBaA, Ii IIJ\.OXO 6hIJ\.O TOJ\b

KO TO, qTO AJ\H 3TOro ero rrpHXOAHJ\.OCb HarpeBaTb AO CJ\HIIIKOM BbI

COKliX TeMrrepaTYP. ITpH 3TOM OH H3AyqaA 60.i\bIIIYIO MOID;HOCTb, 

II03TOMY BOJ\bcppaMOBbie KdTOAbI rpeAH AJ\H 3BIT Ii OKpy)KaIOrn;He 

AeTaAH, a rrpH6opbI c TaKHMH 3BIT HMeAH MaAeHhKHH KITA. HaAO 

6hIAO IiCKaTb MaTepHaA, H:MeIOrn;HH 60.i\bIIIYIO 3MliCClilO, TO eCTb 

3MHTTHPYIOID;HH 60.i\bIIIHH TOK rrpH TdKOH )Ke TeMrrepaTYPe li.i\H, 

ecTeCTBeHHO, TaKoH )Ke TOK - rrpH MeHbrueH:. Ka3aAOCh 6bI, HeT 

Hliqero rrporn;e - 60.i\bIIIYIO qeM y BOJ\bcppaMa 3MliCClilO HMeIOT 

MHOrlie MeTaAJ\bI. YBbI - rrpH 3TOM OHR HMeIOT Ii 60.i\bIIIYIO CKO

pOCTb HcnapeHHH, a 3aqacTYIQ Ii ycrreBaIOT paCIIJ\.dBliTbCH paHb

IIIe qeM AOCTH:rHYT TeMnepaTYPbI, rrpH KOTOpOH AdlOT 3aMeTHYIO 
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r11asa 8. Cep/l,u,e 3fleKTpOHHOro npu6opa 

3MHCCIUO. Y:I3 TaKHX MeTaJ\AOB KaTOA A/\51 3Bf1 CAeAaTb HeJ\.h35L 

Pa3YMeeTcH, OAHHMH MeTaJ\AaMtt OKPY*aIOill,ttil qeAoBeKa Mttp 

He ttcqeprrhrnaeTCH. Ho H3 qero eI11,e MO*Ho CAeAaTh TOHKYIO HHTh 

(TaKOBhl 6hIJ\.lf BOJ\.hcppaMOBhle KaTOAhI)? Bo3HttKaeT ecTeCTBeH- . 

HM MhICJ\.h ... MHHYToqKy. Ceilqac oHa Y*e He oqeHh ecTeCTBeH

Ha. AIOAH HayqHJ\.HCh AeAaTh HHTH H3 cTeKAa, KBapu,a, yrAepoAa, 

Kap6HAa KpeMHH51, OKHCH aJ\.IOMHHH51 H, ecl\.lf HaAO - HaBepHoe 

tt3 qero yroAHO! Ho - rrpeAcTaBbTe ce6e - Ha ABope 1908 roA. 

Bo3HttKaeT ecTeCTBeHHaH MhICJ\.h - B351Th HHTh tt3 BOJ\.hcppaMa, 

HO IIOKpbITh ee KaKHM-TO Belll,eCTBOM, KOTopoe He OTJ\.eTHT OT Hee 

rrptt HarpeBe lf 6yAeT HMeTh 60J\.hIIIYIO, qeM BOJ\.hcppaM, 3MHCCHIO. 

BepHeMrn OAHaKo Ha MHHYTY K BOJ\.hcppaMy. BaKYYM B 3Bf1 

He CKa3blBaJ\.C51 Ha ero 3MHCCHH (pttc. 68) A/\51 BOJ\.hcppaMa He ro

AHTC51. f1pottcxoAHT Apyroe - B IIJ\.OXOM BaKYYMe (xy*e 10-4 

Topp) YMeHhIIIaeTC51 cpoK CJ\.y)l<:6hI KaTOAa. 1·laCTh KOMIIOHeHTOB 

ocrnToqHoil aTMoccpephI (02 , C02 , H 2 0 H APyrtte} OKHcMeT 

BOJ\.hcppaM, a 3Ta OKHCh Hcrrap51eTC51 3HaqHTeJ\.hHO 6bICTpee BOJ\.h

cppaMa. KoHeqHo, TaKOll rrpou,ecc He MO)l<:eT He BJ\.lf51Th H Ha 3MHC

CHIO - BeAh KaKoe-TO BpeM51 Ha IIOBepXHOCTH BOJ\.hcppaMa Ha

XOAlfTC51 era OKHCh, a oHa ttMeeT APyryIO 3MHCCHIO, He)l<:el\.lf 

BOJ\.hcppaM. Ho CKOpOCTh HCrrapeHH51 OKHCH TaK BeJ\.HKa, a Bpe

M51 ee rrpe6hIBaHH51 Ha IIOBepXHOCTH TaK MaAO, qTo 3TO BJ\.lf51HHe 

HeOill,YTHMO. 

B Hallie BpeM51 BOJ\.hcppaM B KaqecTBe KaTOAa HCIIOJ\.h3yeTC51 

KpailHe peAKO - TOJ\.hKO TOrAa, KOrAa HY*Ha pa60Tocrroco6HocTh 

B oqeHb IIJ\.OXOM BaKYYMe. MaTepHaJ\.hl, KOTOpbie MOfYT CJ\.Y)l<:HTh 

B TaKOM *e IIJ\.OXOM BaKYYMe, KaK BOJ\.hcppaM, ceilqac Cylll,eCTBy

IOT, HO OHM AOpO)l<:e. c 3THM CBOHCTBOM - BJ\.HHHHeM BaKYYMa 

He Ha 3MHCCHIO, a Ha cpoK CJ\.y)l<:6hI, Mhl elll,e BCTpeTHMC51. 

6. nonbaa OT ay6Horo nopowKa 

0cHOBHa51 IIOJ\.h3a OJ' 3y6Horo rropOIIIKa - yMeHhIIIeHHe pa-

60ThI A/\51 CTOMaToAoroB. CyI11,eCTByeT AereHAa, qTo cpeAH rrpoqHx 

Belll,eCTB, KOTOphIMH A. BeHeJ\.hT B 1903 fOAY rrorrpo6oBaJ\. IIOKpbI

BaTb BOJ\.hcppaMoBYIO HHTh, 6hIA 3y6Hoil rropoIIIOK, CaC03 . TaK 

3y6HOll rropOIIIOK elll,e pa3 IIOCJ\.Y)l<:HJ\. J\.IOA51M. 
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6. nonb3a OT 3y6HOrO nopOWKa 

I1Ae5I rroKpbITl15I BOJ\hcppaMa CaC0 3 Ha rrepBHH B3rNIA BbI

rNIAe.l\.a AOBOJ\hHO rAyrro. CaC0 3 rrp11 HarpeBe pa3AaraeTc5I Ha CaO 

11 C02 , C02 OTKa'!11BaeTc5I HacocaM11, CaO ocTaeTC5I Ha KaTo

Ae, HO CaO, KaK 11 Boo6ru;e OKllC.l\.bI 3.1\.eMeHTOB II 11 III rpyrrrr 

rrep110A11qecKoll. cncTeMhI - rrpeKpacHbIH Al13.l\.eKTp11K. A 'lepe3 

AH3.l\.eKTpHK TOK He llAeT. TaK-TO 3TO TaK, HO TO.l\.bKO 3Ml1CCl15I 

yBe.l\.H'lll.l\.aCb 60.1\.ee qeM B Mll.1\..1\.HOH pa3. Tip11pOAa oqepeAHOH 

pa3 OKa3a.l\.aCb ycTpoeHHOH HeTpllBHa.l\.bHO. 

0KCHAHhm KaTOA oKa3a.l\.C5I TBepAhIM opeIIIKOM. TpaAHI.1,l10H

Ha5I cpl13l1Ka TBepAoro Te.l\.a pa60Ta.l\.d c 06'beKTdMl1, BbIIIO.l\.HeH

HbIMll TdK l1 IIOMeru;eHHbIMll B TdKlle yc.l\.OBl15I, 'lT06bI BbIAe.l\.llTb 

llCC.l\.eAyeMbIH 3cpcpeKT B 'lllCTOM Bl1Ae. 0KCl1AHblll :>Ke KdTOA rrp11-

IIIe.I\. B cpH3llKY 113 TeXHl1Kl1, B HayKy ll3 rrpaKTl1Kl1. I1 TdKOH, KdKOH 

OH rrpHIIIe.I\. 113 rrpaKTl1Kl1, OH 6hI.I\. C.l\.O:>KeH ANI l1CC.l\.eAOBaHl15I, TdK 

KdK B HeM OAHOBpeMeHHO pa60Td.l\.O MHOro 3cpcpeKTOB, a KOrAa 

llCC.l\.eAOBa.l\.HCb Te 11.1\.H llHbie MOAel\hHble 06'heKTbI c yMeHhIIIeH

HbIM KO.l\.H'leCTBOM AeHCTByioru;11x 3cpcpeKTOB, BcerAa OCTdBd.l\.OCb 

oru;yrn;eHHe, 'lTO HCC.l\.eAyeTC5I «He TO». 

Cyrn;ecTByeT AereHAa, 'lTO B 70-e rOAhI, Ha 3aru;11Te AllccepTa

u;nn ITO OKCllAHOMY KdTOAY B J\eH11HrpaAe BCTa.I\. KdKOH-TO ApeB

HllH AeA, KOTOporo He IIOMHll.I\. y:>Ke HllKTO 113 rrpl1CYTCTByioru;11x, 

rro:>KeBa.I\. ry6aMH l1 rrpocKpHIIe.I\.: «KaK )Ke, KdK :>Ke, IIOMHIO ... IIOM

HIO ... B 30-e rOAbl (rrpOIII.l\.Oro BeKa) MHOro, MHOrO 3dHl1Md.l\.l1Cb 

OKCllAHbIM KdTOAOM ... oqeHh, oq-qeHh C.l\.O:>KHhIH 06'beKT». I1 Ce.I\.. 

06 HCTOpllH OKCllAHOrO KdTOAa MO:>KHO paCCKd3hIBdTh AO.l\.rO 

l1 llHTepeCHO, TeM 60.1\.ee, 'lTO 3Ta l1CTOpl15I TdK :>Ke llHTepecHa 

l1 rroyq11Tel\hHd, KdK l1CTOpl15I .l\.I06oro TeXHll'leCKoro OQ'beKTd, 

ycrreIIIHO rrpocyrn;ecTBOBaBIIIero 60.1\.ee 3/ 4 BeKa. TioAyMattTe, Ka

KYIO YBAeKaTel\hHYID 11cTopmo MO:>KHO Harr11caTh o rB03Ae, IIIypy

rre, BllHTe l1 60.1\.Te, 06 llX cecTpll'lKe 3dK.l\.errKe, 6paTu;e IlllCTOHe, 

0 Ad.l\.hHHX POACTBeHHllKdX IIIIIOHKe, IIIIIlll\hKe, IIITllcpTe, IIIIIAllHTe 

H TdK Aa.l\.ee ! 
I1CTOpll5I 'le.l\.OBeKa 3arreqaT.l\.eHa He TOJ\hKO B KapTllHdX H KHll

rax. He B MeHhIIIett CTeIIeHll OHa 3arre'laT.l\.eHa B MOCTdX ll TOHHe

NIX, cTo.l\.ax H cry.l\.h5IX, 60.1\.Tax H railKax. HaAo TO.l\.bKO HayqHThC5I 

ee 'lllTdTb. Ho BeAb l1 KapTllHhI HaAO HdY'Jl1TbC5I CMOTpeTh. 
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rnasa 8. Cep/l,~e :JfleKTpOHHOro np116opa 

OKCIIA, II3 KOTOporo COCTOHT OKCHAHhIH KaTOA, B3aHMOAeH

CTByeT c MeTMAOM, Ha KOTOpbIH OH HaHeceH, H c rrpHMeC5IMH 

K HeMy. Tip11qeM AeC5IThie H COThie AOAII rrpou;eHTa HeKOTOpbIX 

rrpHMece:H OKa3bIBaIOTC5I crroco6HbIMH H3MeHHTh CBOHCTBa Ka

TOAa. 0KCHA B3aHMOAeHCTByeT c OCTaToqHhIMH ra3aMH, rrpHqeM 

COAep:>KaHHe 10-7 Topp Hz HAII Oz cnoco6Ho H3MeHHTh cBo:H

CTBa KaTOAa. A B Te AaAeKHe BpeMeHa, «y BeKa Ha caMOH 3ape» 

HH H3Mep5ITh, HH ITOAyqaTh TaKOH BaKYYM He yMeAII, He rOBO

p5I y:>K 06 onpeAeAeHHH cocTaBa ocTaToqHo:H aTMOccpepbI. Ka

TOA paCIThIAfleTC51 HOHaMII, .l\.eT51Iu;HMH K HeMy H3 o6'beMa rrpH-

6opa. KaTOA HarpeBaeTc5I co6cTBeHHhIM H3AyqeHHeM, OTpa:>KeH

HhIM OT oKpy:>KaIOiu;HX KaTOA AeTaAeli. CBOHCTBa KaTOAa 3aBH

C51T OT Toro, 6bICTp0 H.l\.H MeMeHHO HarpeBaAII ero rrepBbIH pa3, 

KOrAa npeBpaiu;a.;w: Kap6oHaThl B OKCHAhl, OT. Toro, KaKOH TOK 

qepe3 Hero rrporrycKaAII H AOAro J\.H 3TO AeAaAII... H Aa:>Ke OT To

ro, KaK H qeM MhIA PYKH 3KcrrepHMeHTaTop, KOTOphIH ero AeAaA. 

«Mo:>KeT, PYKII HMO IIOMhITh ToMy 3acKopy3AOMY rrau;aHy, qTo 

KOA6y Aep:>KHT»? - M • .IKBaHeu;KHH. AH3AeKTp11qecKH.e OKHC.l\.hI 

rrpeBpaiu;aIOTC51 B IIOAyrrpoBOAHHKH, ecAII B HHX OKa3hIBaeTC5I He-

60.1\.hIIIOH Ae¢11u;IIT KIICAopoAa (cOThie AOJ\.H npou;eHTa). 3ToT Ae

cpHu;HT 06pa3yeTC5I 3a cqeT peaKu;HH OKHC.l\.a c MeTaMOM, Ha KO

TOpbIH OH HaHeceH HJ\.H np11MeC5IMH K 3TOMY MeTMAy, 3a cqeT 

peaKu;HH c BOCCTaHaBAIIBaIOiu;IIMH OKHC.l\.hl OCTaToqHhlMH ra3aMH 

(Hz, CO) H, HaKoHeu;, 3a cqeT MeMeHHOro pa3AO:>KeHH51 caMoro 

OKIICJ\.a c rrpeHMyiu;eCTBe:{IHhlM HcrrapeHHeM KHC.l\.OPOAa. Terrepb 

CTaHOBHTC5I ITOH51THOH «He:>KHOCTh» OKCHAHOro KaTOAa - CTOHT 

3TOT Ae¢11u;IIT KHCAOPOAa yttIIqTOJKHTh. (a OH 11cqe3HeT rrpH HaAII

q11II B ocTaToqHo:H aTMoccpepe OKHCAfIIOiu;HX ra3oB - Oz, COz, 

HzO), KaK OH CTaHeT H30AfITOpOM II KaTOAY KOHeu;. TioH5ITHa 

H qYBCTBIITe.l\.hHOCTh KaTOAa K rrpHMeC5IM, BOCCTaHaBAIIBaIOiu;IIM 

OKCIIA. Aa II Boo6iu;e, rr_ocAe Toro, KaK cKa3aHo «rroAyrrpoBOAHIIK», 

MHOroe CTaHOBIITC51 I10H51THhlM. HarrpIIMep, CTaHOBIITC51 ITOH51T

HhIM, rroqeMy qepe3 TaKOH KaTOA He.l\.h351 rrporrycKaTb 60.1\.hIIIHe 

TOKII - y ITOAyrrpOBOAHIIKa OTHOCIITe.l\.hHO BhICOKOe corrpOTHB

.1\eHIIe, OH pa3orpeBaeTrn (TerrAo A:>KoyM-.1\em~a), rroKphITHe 

IICrrap51eTC51, a cpOK C.l\.Y:>K6hI COKpaiu;aeTC51. CTaHOBHTC51 ITOH51T-
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7. 3pa KOMn03/.1TOB 

HbIM, ITOl.JeMy y 6bICTpO «aKTHBnpyIOIIJ;HXC5I» KdTOAOB ITPH ITpo

l.JHX paBHbIX ycAOBH5IX OKd3bIBaeTC5I MeHbIIIHH cpoK CAy)K6bI -

60AbUiee KOAHl.JeCTBO ITpHMeCH, HaITpHMep, yrAepOAa BbI3bIBaeT 

6bICTpoe pa3AO)KeHne OKHCAa H, CTaAO 6bITb, 6bICTpoe YBeAHl.Je

HHe 3MHCCHH B Hal.JaAe cpoKa cAy)K6bI, HO H 6bICTpoe H3pacxo

AOBaHHe OKHCAa H KOpOTKYIO KdTOAHYIO )KH3Hb. . .. Pa3yMeeTC5I, 

3AeCb He paccKa3aHO H TbIC5Il.JHOH AOAH Toro, l.JTO ce:Hqac H3BeCT

HO 06 OKCHAHOM KaTOAe. CaMbie xopOIIIHe KdTOAbI, KaK 6bIAO 

o6Hapy)KeHo, ITOAyqaIOTC5I He H3 CaO, a H3 cMecn BaO, SrO 

n CaO B oITpeAeAeHHOM cooTHOIIIeHnn, ITptt'-IeM Aa)Ke He H3 cMe

cn, a H3 TaK Ha3LrnaeMoro «TBepAoro pacTBopa» - Bern;ecTBa 

c eAHHOH HOHHOH peIIIeTKOH n cocTaBOM (Ba0,5-Sr0,4-Cao,i)O, 

ITPHl.JeM HaH60Abllld5I 3MHCCH5I ITOAyqaeTCH, ecAH B TaKOM TBep

AOM paCTBOpe, a TOqHee Ha ero ITOBepXHOCTH HMeeTCH H36bI

TOK Ba, n TaK AaAee n TaK AaAee ... 3aMeTnTe, '-ITO Aa)Ke B 3To:H 

ITpOCTOH cppa3e CKpbITO ITO KpaH:HeH Mepe ABe 3araAKH - BO

ITepBbIX, peryAHpHbIH HAH HeperyAHpHbIH 3TO TB8PAbIH paCTBOp 

n, BO-BTOpbIX, H36bITOK Ba ITO OTHoUieHHIO K l.JeMy - K Sr+ Ca 

HAH K 0? 0TBeT Ha BTOpo:H BOITpoc H3BecTeH AHIIIb ITpeAITOAO

)KHTeAbHO - H36bITOK ITO OTHOIIIeHnIO K Sr+ Ca (a oqeHh AOAro 

cqnTaAOCb Hao6opoT), rrepBbIH )Ke BOITpoc Aa)Ke, ecAn yroAHO, 

He ITOCTaBAeH . 

... OKCHAHbIH KaTOA IIOXO)K Ha ropHYfO CTpaHy, CKpbITJIO Ty

MaHOM. KorAa BeTep CAYl.JaHHO pa3rOH5IeT ryMaH TO 3AeCb, TO TaM, 

CTaHOBHTCH BHAHbl BOIIpOCbl H HHOrAa Aa)Ke OTBeTbl. I1HOrAa ... 

Ho 3Ta KHHra Bce-TaKH 0 AaMITaX, a He 0 KaTOAaX H y)K 

TOqHo - He 06 OKCHAHOM KaTOAe. 06 3TOM o6'beKTe CBOeH 6e3-

YTeIIIHOH AI06BH aBTop HdAeeTC5I HaITttcaTb II03)Ke, AOKa3aB 3KC

ITepHMeHTaAOHO, 'ITO H 0 HeM MO)KHO HaITHCaTb HHTepecHO. BeAb 

Aa)Ke TaKtte ITpOCTbre Bern;o, KaK MexaHH3M ITpoxo)l(AeHH5I qepe3 

Hero TOKa H MexaHH3M rrpo6o5I, H TO CTaAH H3BeCTHbl AHIIIb B 80-e 

rOAbI H Alllllb B pe3yAbTaTe HaUIHX HCCAeAOBaHHH. 

7. 3pa KOMn031f1TOB 

CAOBO «KOMIT03HTbI» Bbl, KOHeqHo, CAbIIIIaAH H He pa3. Kpor

AhH y caMoAeTOB, KOpITyca y ITOABOAHbIX AOAOK H B006rn;e Bee ca-
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rnasa 8. Cep,D,u,e aneKTpOHHoro npu6opa 

Moe coBpeMeHHoe. Ho TaK )Ke, KaK ApeBHHM. PHM )KHAAa 6bIA ro

pa3AO paHhllie CAOB «ApeBHHH PHM» TaK H KOMll03HThl 11pHMeH5I

AHCb B TeXHHKe MHOfO paHbllie, qeM B03HHKAO 3TO 3By<IHOe CAOBO. 

113 paccKa3aHHOfO Bhillle BHAHhl ABa HeAOCTdTKa OKCHAHOfO 

KdTOAa - BhICOKOe COllpOTHBAeHHe, He 1103BOAfIIOill,ee 11po11yc

KdTh qepe3 llOKphITHe 60AblllHe TOKH (H3-3d 11eperpeBa) H HC-

11apeHHe Il0Kph!TH5I, KAdAyI11,ee 11peAeA cpoKy CAy)K6hI (BTOpOH 

HeAOCTdTOK CBOHCTBeH BCeM KdTOAdM, HO HaM OT 3TOfO He Aerqe). 

3TH ABd HeAOCTdTKa CB5I3dHhl - co BTOphIM MO)KHO 6hIAO 6hI 

6opOTbC5I, yseAHqJ1Bd5I TOJ\.Ill,HHY llOKpbITH5I (3a11ac BeI11,eCTBa). 

HO 11pH 3TOM, ecTeCTBeHHO, yseAHqHBaeTC5I co11poTHBAeHHe. KaK 

JMeHhlllHTh co11poTHBAeHHe OKCHAa? AoBOAhHO ecTecTBeHHhIM 

pe111eHHeM 5IBAfleTC5I BBeAeHI1e B KaTOAHOe llOKpbITHe MeTaAAa. 

MeTaAA 
0

HMeeT HH3KOe corrpOTHBAeHHe H TOK B OCHOBHOM llOHAeT 

110 HeMy, a He 110 OKCHAY· H He 6yAeT HarpeBaTh KaTOA. CTpaBAa, AAfI 
Toro, qTo6hI 6bITb 3MHTTHpOBdHHhIMH B BdKYJM, 3AeKTpOHaM 11pH

AeTC5I BCe-TaKH 11epeHTH B OKCHA, HO TOAbKO 11epeA caMOH llOBepx

HOCThlO (pHC. 69). TaKHe KdTOAhl CyllJ,eCTBYIOT H yc11e111HO pa6o

TdIOT; MeTaAA, HdXOA5JI11,HHC5I B llOKpbITHH, HMeeT qallJ,e Bcero BHA 

MeTaAAHqecKOH ry6KH, B 11opax KOTOpOH HdXOAMTC5I OKCMA. 3aOA

HO MeTaAAHqecKHH KapKac BbIIIOAHHeT eI11,e OAHY Ba)KHYIO cpyHK-

TIOKphITHe 

KaTO,!l,a 

3JieKTpOHhl 

P111c. 69. KarnA c MerannoM B n0Kpbtnn1, np1-1Hu,1t1n Aei1crs1t15!. 

MeTaJIJI 

MerannW·19CKOe OCHOBaH1<1e 06bl"IHO Ha3blBalOT KepH (aHrn. kern - 51APO) 
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7. 3pa KOMn03UTOB 

u;mo - yBeJ\H'HrnaeT rrpoqHOCTh caMoro IIOKpbITlI51 lI rrpoqHOCTh 

ero COeAHHeHH51 c KepHOM. 0AHdKO B TOqHOCTlI B TOM BHAe, B KO

TOpOM paccKa3aHO (MeTaM lI OKCHA) 3TlI KaTOAhl rrpHMeH51IOTC51 

OTHOCHTeJ\hHO peAKO. f1oqeMy - 3TO CJ\HlllKOM CJ\O)KHhIH Borrpoc 

AJ\51 3TOH KHHrH, Ad lI OTBeT Ha Hero eCTh IIOKa J\Hlllh qacTHqHhIH. 

3aTO ApyroH: KdTOA, TO)Ke COCT051Iu;lIH 1I3 MeTaMHqeCKOH ry6-

KlI II Beiu;ecTBa Bee rropax, rroAyqHA oqeHh lllHpoKoe pacrrpocTpa

HeHHe, XOT51 Beiu;ecTBO B ee rropax HMeeT oqeHh MaAYIO 3MHCCHIO. 

l.J:To )Ke 3MlITTHpyeT B TdKOM KdTOAe? ITycTb MeTaM - BOJ\hcppaM, 

Beiu;ecTBO B rropax - aJ\IOMHHaT 6apH51-KaAhu;H5I (coeAHHeHHe 

THIIa mBaO-nCaO-kA1203, m, n, k - qlICJ\a) - TdKOH KdTOA 

6hIJ\ rrpeMO)KeH P. J\eBH B 1960 roAy, a rrpoo6pa3oM AJ\51 Hero 

ITOCJ\Y)KIIJ\ KdTOA, rrpeMO)KeHHhIH f. f:vK.. J\eMMeHCOM B 1953 ro

AY, B KOTOpOM COeAHHeHH51 6apH51 OTropa)KlIBdJ\HCh OT BaKyy

Ma rropHCTOH BOJ\hcppaMOBOH rreperopOAKOH. B HOBOM KdTOAe 

BOJ\hcppaM B3dlIMOAeHCTBOBaJ\ c dJ\IOMlIHdTOM, BhIAeJ\51IOiu;lIHC51 

6apHH AH¢cpYHAl1POBaA Ha IIOBepXHOCTh KdTOAd lI o6pa30BhIBaA 

Ha Hell ... 3AeCb HaqHHaIOTC51 3araAKH. 

Cyiu;ecTBYIOT ABe TOqKH 3peHH51 - qTo Ha rroBepxHOCTH 

KdTOAa 6apHH 06pa3yeT MOHOCJ\OH Ha OKHCJ\eHHOM BOJ\hcppaMe 

II qTo 6apHH: 06pa3yeT oqeHh MaAeHhKHe KpHcTaAJ\HKH Bao. Cy

iu;ecTBoBaHHe TaK11x Kp11cTaJ\J\HKOB ycTaHOBJ\eHo A. B. APY)KH

Hl1HhIM B 1974 r0AY· Ho lI B cyiu;ecTBOBaHHlI MOHOCJ\051 TO)Ke 

HeT COMHeHHH - qT06hI KpHCTdJ\J\HKlI o6pa30BhIBdJ\HCh H pocJ\H 

K HlIM AONKeH IIOBepxHOCTHOH AHcpcpy3HeH: {MHrpau;HeH) IIOAXO

AlITh 6apH:i1 - 3HaqHT, Ha rroBepxHOCTH OH ecTh. Aa, a KHcAopoA 

OTKYAd? 3To KlICJ\OPOA 1I3 dJ\IOMHHaTa 111\H Te KpOXH, KOTOpbie 

6hIJ\lI B OCTaToqHott dTMOCcpepe rrpH6opa lIJ\lI Te, KOTOphie 6bIJ\lI 

rrpHMeChIO K BOJ\hcppaMy? Borrpoc TeMHhIH. I1 qTo )Ke BCe-TaKH 

3Ml1TTHpyeT - Kpl1CTaAJ\HKlI 111\H MOHOCJ\011? ITocJ\e MHOrOAeC51-

THJ\eTHlIX AHCKyccHH. K. E. M3J\OHH II H. PHqapACOHOM B 1981 ro

AY 6hIJ\O BhICKa3aHo MHeHHe, qTo cHryau;HH 3aBHCHT OT BaKyyMa 

B 3BIT, B o6J\aCTlI p > 10-7 Topp 3MlITTHpyIOT B OCHOBHOM 

KpHCTaAJ\HThl, a B 06AaCTH p < 1 o-B Topp - B OCHOBHOM MOHO

CJ\.011. IT03)Ke J\. A. Am:KlIHd31I lI M. J\. raH:Hep 6bIJ\.O IIOKd3dHO, qTO 

B KaToAe cocyiu;ecTBYIOT Kp11cTaAJlliThI Cao (c MOHocAoeM BaO 
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rnasa 8. Cep,ll,1.1e aneKrpoHHoro npu6opa 

Ha H11X) 11 MOHOC.l\.OR Ba Ha OKl1C.l\.eHHOM BO.l\.hcppaMe, ITp11qeM B Ha

qaJ\.e cpoKa cAy>K6hl 3M11cc11ro 06ecITeq11BaeT ITepBa51 CTPYKTYPa, 

a IT03>Ke - BTOpa51. 

AM ITpaKT11K11 Ba>KHo, qTo Kp11cTa.l\..l\.HK11 Bao Ha 3TOM KaTo

Ae pacTYT oqeHh MaAeHhK11e. CAeAOBaTe.l\.hHO, 11x coITpOTl1BAeH11e 

Ma.1\.0, Bh1Ae.l\.eH11e TeII.l\.a ITPl1 ITpOTeKaHl111 TOKa Ma.1\.0 11 c KaTO

Aa MO>KHO oT611paTh 60.1\.hume TOK11. KCTaT11, 1001-li BOITpoc -

IToqeMy Kp11cTa.l\..l\.HKl1 MaAeHhKl1e? Ec.l\.H B351Th BMecTo BO.l\.hcppa

Ma Hl1Ke.l\.h, a BMeCTO aAIOMl1HaTa - OKC11A Ba-Sr-Ca, TO eCTh 

Halli CTapbIR 3HaKOMhIR OKC11AHhIR KaTOA, HO c Hl1Ke.l\.eM B ITOKpbI

Tl111, TO Ha Hl1Ke.l\.e 6YAYT TO>Ke paCTl1 Kp11CTa.l\..l\.HKl1. Ho 60.l\.hllil1e, 

pa3MepoM B eA11HlUJ;hl M11KpOH, 11 6YAYT 3Tl1 Kp11CTa.l\..l\.HKl1 o6pa30-

BbIBaTb Ha Hl1Ke.l\.e CII.l\.OllIHYJO IlIKypKy, 11MeIOIIJ;yIO y>Ke He TaKoe 

Ma.l\.eHbKOe COITpOTHB.l\.eHHe, KaK MeHbllil1e Kp11CTa.l\..l\.HKl1 Ha Ka

TOAe 113 BO.l\.hcppaMa 11 aAIOM11HaTa. Mo>KeT 6hITh, 3TO 11 51BMeTc51 

ITp11q11HOR MeHee IlI11pOKOTO ITp11MeHeHl151 TaKoro KaTOAa. 

8. A11<1><1>yaMOHHaR npo6neMa 
M KaTOAbl 6ea 3TOM npo6neMbl 

TaK11e KaTOAbl MOr .l\.H 6hI HMeTb orpOMHhlR cpoK CJ\. y>K6hI ... ec.l\.H 

6b1 11x YAaAOCh C03AaTh. Co6cTBeHHo, OA11H TaKoli KaTOA Mhl 3Ha

eM. 3To - BOAhcppaM. Ho y>K oqeHh BhlCOK11x TeMITepaTYP OH 

Tpe6yeT AM cBoeli pa6oThI. 0AHaKo AaBaliTe ITO ITOPHAKy. 

y paCCMOTpeHHhIX HaM11 KaTOAOB - OKC11AHOro 11 Ha OCHOBe 

BO.l\.hcppaMa 11 aAIOMl1HaTa 6ap1151 - Ka.l\.hlJ;l151 6hl.l\.a Ba>KHa51 o6IIJ;a51 

qepTa - COCTaB HX ITOBepxHOCTl1 OTJ\.HqaJ\.c51 OT o6'beMa. 3To caMO 

ITO ce6e y>Ke 03HaqaeT, qTo B KaTOAe HMeIOT MeCTO A11cpcpy3110H

Hhle ITpOIJ;eCChl - 11Haqe KaK TO, qero Ha ITOBepXHOCTl1 60.1\.hllie, 

qeM B 06'beMe, ITOITaAeT Ha 3TY ITOBepXHOCTh. 0AHaKO c11ryaIJ;l15l 

eIIJ;e HeCKO.l\.hKO C.l\.O~Hee. CocTaB ITPOAYKTOB 11cITapeH115l KaTo

Aa 06hiqHo OT.l\.HqaeTC51 OT COCTaBa KaTOAa - B 06011x paccMOT

peHHhIX KaTOAax 6ap1151 '11cITapHeTc5l 60.1\.hrne Apyr11x MeTa.1\..1\.0B. 

3TO 3Haq11T, qTo 6ap11li Ha ITOBepXHOCTh ITOAaeTC51 113 06'beMa -

cooTBeTCTBenno, A11¢cpy311eli. CHaqaAa OH ITOCTYIIaeT 113 cAoeB, 

60.1\.ee 6.l\.H3Kl1X K ITOBepXHOCTl1, ITOTOM, ITO Mepe paCXOAOBaHl151 
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8. /].11qxpy3110HHafl npo6neMa 11 KaTO.D.bJ 6e3 3TOi1 npo6neMbJ 

6apm1 113 3Tl1X cAoeB - 113 6oAee rAy60K11x. ITocKOAbKY TOAID;llHa 

CA05l, qepe3 KOTOpbIH rrpllXOAllTC5l rrpo611paTbC5l 6apmo, B03pac

TaeT, IIOTOK ero IIaAaeT. KorAa IIOTOK CTaHOBllTC5l HeAOCTaTO'leH, 

'IT06bI IIOMep)l(aTb BblCOKYID KOHll,eHTpau;mo 6apl15I Ha IIOBepx

HOCTll, 3Ta KOHD;eHTpau;m1 - a BMeCTe c Hett l1 3MllCCl15l KaTOAa -

HatI11HaIOT yMeHblllaTbC5l. CpoK cAy)l(6b1 KaTOAa 3aKaH'll1BaeTC51. 

KaTOAHa5l «OCeHb», B OTAH'llle OT 60AAllHCKOH, COBCeM He 30AO

Ta51. CooTHOI1IeH11e Me)l(AY K0.3cpcp1111,11eHTOM Allcpcpy31111 11 cKo

pocTbIO 11crrapeHl15I c IIOBepXHOCTll B OCHOBHblX Tllrrax KaTOAOB 

TaKOBO, 'ITO KaTOA BbIXOAllT 113 CTp05I 3aAOAro AO IIOAHOI'O HC

qeprraHl151 3arraca Bern;ecTBa. I1 3TO 0611AHO - Ka3aAOCb 6b1, ern;e 

eCTb, MO)l(HO pa6oTaTb H pa6oTaTb, HO IIOTOK MaA H HacryrraeT 

cpHHHIII. He rro6eAHbIH. 

KaK MO)l(HO 6opOTbC51 c 3THM 5IBAeH11eM? Bo-rrepBbIX, 'lllCTO 

«KOAll'leCTBeHHbie» MeTOAbI - yBeAll'leHHe 3arraca Bern;eCTBa OA

HOBpeMeHHO c yBeAH'leHlleM IIOTOKa H YMeHbllleHlle He06XOAll

MOH cKopocTll IIOAatIH Bern;ecTBa Ha rroBepxHOCTb. Bo-BTOpbIX, 

cTa6HAH3au;11eif AHcpcpy3HOHHoro 6apbepa. AeifcTBllTeAbHO, ec

AH 6bI Allcpcpy3110HHbIH 6apbep He YBeAH'll1BaAc51 no Mepe pacxo

AOBaHl151 HCIIap5IIOrn;eroc51 c IIOBepXHOCTll KOMIIOHeHTa (6ap115I)' 

TO H IIOTOK 3TOro KOMIIOHeHTa 6bIA 6bI IIOCT051HHbIM. TeXHH'leCKH 

3TOT Allcpcpy3HOHHbIH 6apbep MO)l(eT BbIIIOAH51TbC51 B BllAe KaKOH

Al160 IIAeHKH, HaHeceHHOH Ha IIOBepXHOCTb KaTOAa. TOArn;llHa ee 

IIOA6llpaeTC51 TaK, 'IT06bI IIOTOKa KaK pa3 XBaTaAO AAfI pa60Tbl 

KaTOAa - IIOMep)l(aHH51 «3MllCCHOHHO-aKTllBHOrO» COCT051Hl151 

rroBepxHoCTH. B-TpeTbllX, MO)l(HO CAeAaTb TaK, 'IT06b1 cKopocTb 

BbIAeAeHH51 11crrap5IIOID;eroc51 c IIOBepXHOCTH Bern;ecTBa CTa6HAH-

3HpOBaAaCb KaKOH-AH60 :XHMH'leCKOH peaKu;HeH, TeKyrn;eif c IIO

CT051HHOH CKOpOCTblO, HarrpHMep, pa3AO)l(emieM COeAHHeHH51. 

Bo3MO)l(Ha B rrpHHll,Hrre CHTyau;tt5I, KOrAa Bee 3TH rrpo6Ae

MbI B KaTOAe He B03HHKaIOT. 3TO HMeeT MeCTO AH60 B KaTOAe, 

TAe COCTaB IIOBepXHOCTH TdKOB )l(e, KaK COCTaB o6'beMa (tIHCTbIH 

BOAbcppaM), HAH B KaTOAaX, COCTaB IIPOAYKTOB HCIIapeHH5l KOTO

pbIX TaKOB )l(e, KaK COCTaB 06'beMa ( COCTaB IIOBepXHOCTH MO)l(eT 

6bITb APYTHM). f1ycTb HarrpHMep, KaTOA - 3TO coeAHHeHHe AB 

(A 11 B - copTa aTOMOB). Ha rroBepxHOCTH 99 % MecT 3aH51-
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rnasa 8. Cep/l,u,e aneKTpOHHoro np116opa 

TO aToMaMH A 11 1 % aTOMaMH B. CKopocTh 11crrapeHH.SI aToMoB 

A B 99 pa3 MeHhllle cKopocTH 11crrapeH115I aTOMOB B. IToHHTHO, 

'ITO OTHOllieH11e A/B 6yAeT = 1 11Bo6'beMe11BrrpOAYKTax11crra

peH115I, l1 AHcpcpy3H51 Ha pa6ory KaTOAa B.IUI51Th He 6yAeT (KpOMe 

HatiaAbHoro MOMeHTa, KOrAa cpopM11poBaAC5I H36hlTOK A Ha rro

BepxHOCTH). 3TOT rrpHMep COOTBeTCTByeT 11crrapeHHIO OKHCAOB 

Bao, SrO, Cao (A = Ba HJUI Sr HJUI Ca, B = 0). Apyroif rrp11-

Mep - TO JKe Bern;ecTBO AB, TO JKe 1136hITOK A Ha rroBepxHOCTH, 

HO aTOMhI A 11 B rrpeAIIOtIHTaIOT 11crrap51ThC51 He OTAeAhHO, a B BHAe 

MOAeKyA AB. Bo3MOJKHO, 'ITO TaK 11crrap5IIOTC5I KaTOAhI Ha ocHoBe 

crrAaBOB Ir+ La, Ir+ Ce. K coJKaAeHHIO, KaK YKa3hIBaAOCh Bhillle, 

3MHCCH51 TpoifHoro OKCHAa (BaSrCa)O Bhlllle, tieM HHAHBHAYaAb

HhIX OKHCAOB, a B HeM yJKe B03Hl1KaeT AHcpcpy3HOHHOe orpaHH

tieH:He co BCeMH BhlTeKaIOrn;HMH IIOCAeACTBl151Ml1. 

11 HaKOHeu;, yIIOM51HeM ern;e 06 OAHOM KaTOAe, KOTOphlH, XOT51 

B 3AeKTpOHHhIX AaMrrax l1 IIOKa He rrpHMeH51eTC51, a B OCHOBHOM 

l1CIIOAh3yeTC51 B TeXHOAOf:HtieCKHX ycTaHOBKax (HarrpHMep, B rre

qax 11.IUI ycTaHOBKaX AAS! 3AeKTpOHHOH AHTOrpacp1111) HAM ycKop11-

TeA5IX, rAe rrepBOCTerreHHOe 3HatieH:He HMeeT crroco6HOCTh KaTOAa 

pa6oTaTh B IIAOXOM BaKYYMe. 3TO KaTOA 113 reKca6opHAa AaHTaHa, 

LaB6 (oTKphIT A;>K. M. J\acpcpepTH B 1951 roAy). OH TaKJKe 11crra

p5IeTC5I 6e3 l13MeHeHH51 COCTaBa (3TO Ha3hIBaIOT «KOHrpy3HTHO»). 

Pa3Hhie rpaH11 MOHOKp11cTaAAa LaB6 HMeIOT pa3HYIO 3M11cc1110, 

HO rrpHMepHO OAHHaKOBhie CKOpOCTH 11crrapeHl15I. 11 MO:>KHO Haif

TH rpaHh, HMeIOrn;YIO OTHOllleHHe 3Ml1CCH51/HcrrapeH:He 60Abllle, 

tieM y KaTOAa Ha OCHOBe BOAbcppaMa l1 aAIOMHHaTa. B 1986 fOAY 

IT. P. A3Bl1COM I1 r. A. lliBHHAOM 6hIAO IIOKa3aHO, 'ITO TaKOBhl CBOH

CTBa rpaHn (310) LaB6 • XoTH, KOHetIHO, AAS! pa6oThI LaB6 Bee 

paBHO Tpe6yeT 60AbllleH TeMrrepaTYPhI. 

LaB5-KaTOA HHTepeceH TeM, 'ITO 3TO rrepBhIH KaTOA, y KOTOpo

ro 6hlAa rpyrrrroif 51IIOHCKH.x HCCAeAOBaTeAeH B 1980 rOAY HaAeJK

HO ycTaHOBAeHa CTPYKTYPa rroBepxHOCTH pa3Hhrx rpaHell. Cyrn;e

CTByeT MHOro MeTOAOB l1CCAeA,oBaHH51 IIOBepXHOCTH, AAS! Hae :>Ke 

BaJKHO, 'ITO OHH orrpeAeA51IOT COCTaB IIOBepxHOCTH B CAOe HeKOTO

poif TOArn;HHhl - OT OAHOfO MOHOCA051 l1 6oAee. TaK BOT, OAHH Me

TOAhI OTBetiaAH, 'ITO Ha IIOBepxHOCTH LaB5-KaTOAa eCTh l136hlTO'l-
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9. 9M11TT11pyeT, a He K8TO/J, (/J,11HO/J,) 

2 

2 3 4 5 2 3 4 5 

P111c. 70. CTpyKTypa nosepxHocrn. C11esa - csepxcTex1110MeTp1t1YecK111~ 

11136b1TOK A, cnpasa - pe11aKcau,11151 peweTrn, csepxy - pacno11o)l(eH111e 
aTOMOB, BHll13Y - OTHOWeH111e % AJ151 n sepxHll1X CJlOeB 

HhIH La, Apyrn:e - qTo ero HeT. I1cnrna oKa3aAach rrocepeAJrne -

ecTh, HO He H36hIToqHhIH. Ha pHc. 70 rroKa3aHa CTPYKTYPa AByx 

KpHcTaMOB AB - c H36hITOqHhIM A Ha rroBepxHOCTH H 6e3 H3-

6hITKa A, HO c «peAaKcau;He:H perneTKH», TO ecTh cMeiu;eHHeM 

aTOMOB (OAHOro H3 copTOB Hapy)K:y). 

IToA CTPYKTYPaMH H3o6pa)KeHa 3aBHCHMOCTh OTBeTa OTBeTa 

Ha BOIIpoc 0 COCTaBe KpHCTaMa, AaBaeMoro MeTOAOM, aHaAH3H

pyroiu;eM n BepxHHX cAoeB. BHAHO, qTo TOAhKO rrpHMeHeHHeM 

AByx MeTOAOB c pa3HhIMH n MO)KHO OTAHqHTh OAHY CTPYKTYPY 

OT Apyro:H H OT KpHCTaMa 6e3 H36bITKa H peAaKcau;HH. 

9. 3MMTTMpyeT, a He KaTOA (AMHOA) 

ITycTh HdAO CAeAaTh 3AeKTpOHHYID AaMrry, crroco6Hyro ycHAH

BaTh CHrHaAbI BhlCOKHX qacTOT H HMe10iu;yro cpaBHHTeAbHO 60Ah

IIIOH aHOAHhlH TOK (To eCTh BhICOKyro BhIXOAHYID MOiu;HOCTb). AMr
YBeAHqeHHH TOKa HaAO AH6o yBeAifqHBaTb IIAOiu;dAh KaTOAa, AH-

60 YBeAHqHBaTh IIAOTHOCTh OT6HpaeMoro c Hero TOKa. BTopoe 

COKpaiu;aeT cpoK CAy)K6bI, qTo caMO ITO ce6e IIAOXO, a rrepBOe 
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rnasa 8. Cep,D,4e aneKTpOHHoro npu6opa 

YBe.llliq1rnaeT eMKOCTh MeJKAy 3.l\.eKTPOAaM11 AaMrrhI. AaMrra c BhI

coKOH MeJK3.l\.eKTPOAHOH eMKOCTblO He MOJKeT yc11.l\MBaTb Cl1rHa.l\.bl 

BhICOKl1X qacTOT- OHl1 rrpOHAYT «CKB03b» .l\.aMrry, qepe3 eMKOCTh, 

corrpOTl1B.l\.eH11e KOTOpoH: A.1\.51 BhICOKl1X qacTOT Ma.1\.0. 

ITpeACTaBHM ce6e, qTo 3.1\.eKTpOHHhIH rroTOK, rrporneAIIIHli qe

pe3 AaMrry c Ma.l\.OH II.l\.Orn;~hlO KaTOAa (TO eCTb Ma.l\.OH eMKOCTblO) 

H Ma.l\.OH 11.1\.0THOCThlO TOKa Ha KaTOAe (TO eCTb 60AbIIIl1M cpOKOM 

C.l\.yJK6bI) rrorr~aeT He Ha rrpoCTOH aHOA, a Ha «AHHOA», KOTOpbIH 

IIOKpbIT C.l\.OeM Bern;ecTBa c BblCOKOH BTOpnqHOH 3MHCc11eH. ITp11 

non~aH11n Ha TaKoe Bern;ecTBO 3.1\.eKTpoHa 113 Hero BhI.l\.eTaeT He

CKOAhKO 3.1\.eKTpOHOB HOHM YJK .l\.eT5IT Ha «HacTm1rn;11H:» aHOA. TaK 

npo11CXOAHT AOIIO.l\.HHTeAhHOe yc11.l\.eH11e aHOAHOro TOKa, yJKe IIOA

BeprHJBIIIerOC51 yrrpaB.l\.eHl110 ceTOqHbIM HaIIp5IJKeH11eM. 0AHaKO 

3.l\.eKTpOHHa51 6oM6apAl1POBKa pa3pyrnaeT IIOHeMHOry Bern;eCTBO 

c BblCOKOH BTop11qHOH 3Ml1CCl1eH 11 cpoK cAyJK6bI TaKl1X .l\.aMrr 

oKa3hrnaeTc51 cpaBH11TeAhHO HeBhICOK11M. MoJKHO .llli YBe.Jlliql1Th 

cpoK C.l\.yJK6hI BTOp11qHbIX 3Ml1TTepoB? 3Ta rrpo6.l\.eMa oKa3bIBa

eTC51 ropa3AO 60.1\.ee BaJKHa, a BTOp11qHbie 3Ml1TTepbI - ropa3AO 

6oAee HYJKHhI, qeM AaMIIhI c Al1HOAaM11. He rroJKaAeeM 11 rroTpa

Tl1M Ha 3TY rrpo6.l\.eMy 11 3Tl1 3M11TTepbI OTAeAhHbIH 11aparpacp. 

10. KaTOAbl, 3MMTTMpyiow.Me nOA AO>KAeM 

Pa3YMeeTc51, IIOA 3.1\.eKTpOHHhIM AOJKAeM - 3TO KaTOAhl co BTO

p11qHoli 3MHcc11eH:. AelicTBl1TeAhHO, qT06b1 TaKoli KaTOA 3M11TT11-

poBaA, H~O, qTo6bI Ha Hero IIOII~a.Jlli 3.1\.eKTpOHbI. 0TKYAa OHl1 

6epYTC51? 3TO 3aBl1C11T OT Toro, A.1\.51 qero rrp11MeHeH KaTOA co BTO

pnqHOH 3MHccneH:. ITepBa51 06.1\.aCTh rrpnMeHeHH51 - BTopnqHo-

3.1\.eKTpOHHhie YMHOJKHTe.llli (pnc. 71), rrpeAHa3HaqeHHble A.1\.51 pe

rncTpau;nn oqeHb CAa6bIX 3.1\.eKTpOHHhIX TOKOB B BaKYYMe, BII.l\.OTb 

AO cqeTa OTAe.J\.bHhIX 3.1\.~KTpOHOB ( «3aBepHHTe MHe, IIOJKaAyH:

cTa, ABe III~KH ... H TOT, KpaH:Hnli cAeaa!»). Ec.llli Ha BXOA B3Y 

ycTaHOBHTb cpOTOKaTOA, HcnycKaIOrn;HH 3.1\.eKTpOH 11pH rron~aHl1H 
Ha Hero cpoToHa, MhI 110.1\.yqHM <l>3Y - cpoT03.l\.eKTpOHHhIH YMHO

JKHTeAh - rrpn6op, rrpeAHa3HaqeHHhIR A.1\.51 perncTpau;11n oqeHh 

C.l\.a6hIX 110TOKOB cpOTOHOB, BII.l\.OTb AO perHCTpau;nn OTAeAhHbIX 
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10. Karo4b1, :JM11rr11pyt0U(11e no4 AO>KAeM 

P11c. 71. Brnp1114Ho-aneKrpoHHb1i:.1 yMHO)l(ll1Tellb 

cpOTOHOB. <!>OTOKaTOAbI MbI paccMaTpllBdTb He 6yAeM - OHll BMe

CTe c cpoTorrptt6opaMJ1 He BXOAHT B MaTepttaA 3TOH KHllrll (pttc. 3). 
B HeKOTOpbIX CAY'!d51X OAllH J1 TOT )Ke MaTepttaA (qTO, KO

HeqHo, AOBOAhHO YA06Ho TexHoAorttqecKtt) yAaeTcH rrpHMeHHTh 

J1 B KaqeCTBe cpoTOKdTOAd J1 B Kd1IeCTBe BTOpllqH0-3AeKTpOHHOro 

KaTOAa. HarrpttMep, crrAaBhI SbCs tt SbCsK, OKHCAeHHhJe c rro

BepxHOCTll (SbCsO, SbCsKO). 

CTepeqJ1CAeHHhie IIOKa qTO llX I1pttMeHeHll51 MO)KHO YCAOBHO 

06'beAHHJ1Tb TepMllHOM «CAa6oToqHbie» (He OT CAa6oH: TOqHQCTll, 

a OT cAa6oro TOKa). TaKoe 06'beAHHem1e ycAOBHO, rroToMy qTo 

IIAOTHOCTb TOKa B3Y HapacTaeT (pttc. 71) OT AllHOAd K AllHOAY· 

BTopaH rpyrrrra rrpttMeHeHttH: MO)KeT 6bITh o6'beAttHeHa TepMtt

HOM CllAbHOTOqHbie - 3TO B OCHOBHOM rrpttMeHeHtte B rrpn6opax 

M-Tttrra. 

OcHOBHaH APaMa BTOpttqHhIX 3MttTTepoB - 3TO APaMa BTO

pttqHoH: 3MJ1CCHJ1 J1 rrpOBOAllMOCTH/ CTOHKOCTll. l.fro6hI 3MllTTJ1-

p0BdTb 6oAbllie, qeM IIdAaeT, HdAO, qTo6br 3AeKTpOHbI IIOAXOAHAH 

ll3 rAy6ttHhI MaTepttaAa, qT06b1 3MHTIHpoBaTh AOAro - HY)KHa 

CTOHKOCTh - OTCYTCTBtte pa3AO)Kemrn rrptt 3AeKTpOHHOH 6oM-

6apAttpOBKe. TaK BOT, BTOpJ1qHa51 3MHCCH51 BbICOKd51 y OKllCAOB 

3AeMeHTOB II H III rpyrrrr, a BhICOKaH rrpoBONIMOCTh tt CTOH

KOCTh - y MeTaAAOB. 3TO, KOHeqHo, HeCKOAbKO yrrporn;eHHd51 

KdpTttHa, rrpHMeH51IOTC51 B KaqecTBe BTOpllqHblX 3MJ1TiepoB J1 rro

AHMepbI c HeKOTOpbIMH A06aBKaMH, AeAa10rn;ttMll ttx rrpoBOAH-
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r11asa 8. Cep11.u.e 3/1eKTpOHHOTO np116opa 

~HMM H HeKOTOphle IIOAyrrpoBOAHHKH ... HO OCHOBHaH rrpo6AeMa 

3BJ"IHT HMeHHO TaK - OKHCeA HAM MeTaAA. To1mee - 1ITO CAeAaTb 

H3 OKHCAa H MeTaAAa, qT06hl COeAHHliTb Te RX KaqecTBa, KOTOpble 

HaM HYJKHbI? 3aMeTHM, qTo 3TO KAaccHqecKaH rrpo6AeMa TeXHR -

KM KOMII03HTOB. KaK OHa pernaeTCH B AaHHOM CAJ"Iae? 

0ARH KpaHHliM CAJ"IaM - 3TO KOrAa BTOpliqHbIM 3MHTTep 

AOAJKeH pa6oTaTb IIpH Mal\.bIX IIAOTHOCTHX TOKa. B 3TOM CAJ"Iae 

MOJKHO rrpHMeHHTb qfiCTbIM OKHCeA li HMeTb BbICOKliM K03¢qrn:u;R -

eHT BTOpHqHOM 3MHCCHH (KB3). CAJ"IaH 3TOT BCTpeqaeTCH peA

KO. APyro:i1 Kpa:i1HH:i1 CAJ"Ia:i1, BcTpeqaIO~H:i1rn qa~e. KOrAa rrAOT

HOCTb IIOTOKa 31\.eKTpOHOB HaCTOJ\.bKO BbICOKa, qTo eAHHCTBeHHOe, 

qTo MOJKHO rrpHMeHHTb - 3TO qlfcThlM MeTaAA. B 3TOM CAJ"Iae 

paccqRTbIBaTb Ha IIOAJ"IeHHe KB3 > 2, He rrpHXOAHTCH R To AAH 
3TOro HMO rrpHMeHHTb rrAaTHHy. Y 30AOTa H cepe6pa KB3 ~ 1,8, 
a y rrpoqHx MeTaAAOB e~e MeHbIIIe. 

Terrepb rrOAYMaeM, KaK cMern1rnaTb OKHceA H MeTaAA. Eol\.b-

. IIIHe KYCKH OKHCAa 6paTb Hel\.b35l - y HHX CAMIIIKOM BblCO

KOe corrpoTHBAeHHe. HMO KaK-TO HCXHTpHTbCH H CAeAaTb cMecb 

H3 MaAeHbKHX KycoqKOB ... HAM HCilOJ\.b30BaTb TOHKYIO ITAeHKY 

OKHCAa. MeTaAJ\.bl, IlOKpbITbie TOHKOM ITAeHKOM OKHCAa npHMe

HHIOTCH, XOTH qa~e OKHCAHIOT CITAaB, COAepJKa~HM OAHH MeTaAA 

c xoporne:iil npoBOAHMOCTbIO, a BTopoH: - c npoqHbIM OKRCAOM. 

ITpRMep - cITAaB Ca+ Be, npRMeHHIO~RH:rn AAH ARHOAOB B3Y. 

BeO HrpaeT poAb BTOpliqHoro 3MRTTepa, a nOABOAHT K 3MRTTepy 

TOK Cao. 

/j.,h5I 3MHTTepoB, pa6oTaIO~liX B o6AaCTli 601\.bIIIHX TOKOB, HC

nOAb3YIQT CMeCR pa3HhlX MeTaAAOB li pa3HblX OKRCAOB, noA6HpaH 

MeTaAAbl, OKHCAhl, pa3Mephl HX qacTH:u; M KOH:u;eHTpa:u;HR, qT06bI 

yroARTb BCeM Tpe6oBaHRHM - 11 no KB3 H no cTOHKOCTR K 6oM-

6apA:HpOBKe. A Tpe6oBaHHH pacTYT H pacTJT. TexHHKa C03AaHa 

qeAOBeKOM, a qeAO~eK He npHJ"IeH OCTaHaBAMBaTbCH Ha AOCTHr

HYTOM. 3To ITpHpOAa C03AaAa Ha 3eMAe ropy B 8848 M BhlCOToH: 

H ycnoKORAaCb - qeAOBeK ycTpoeH HHaqe, 3aMeTRM, qTO qeAO

BeK C03AaH TOJKe npHpOAOH H :no eAHHCTBeHHOe ee C03AaHHe, 

liMeIO~ee HeHaCbITHhlH anneTHT, npOHBAHIO~liHCH TOJ\.bKO TOrAa. 

KOrAa qeAOBeK oKa3bIBaeTC5l B o6~eCTBe ce6e nOA06HbIX. 
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10. KaTD/1,bl, 3Murrupy1aw,ue no/1, /1,0>K/1,eM 

BepHeMCH K BTop1r<JH0-3AeKTpOHHhIM 3MHTTepaM. EcA11 MO)K

HO OKl1CJ\HTh MeTaJ\J\hI, TO rrnqeMy Hel\h3H BOCCTaHaBAHBaTb OKl1C

J\bI? BoccTaHaBAHBaTh He AO q11cToro MeTdl\J\a, y KoToporo K0-

3cpq:rnu;11eHT BTOp11qHoH: 3Ml1CCl111 Mal\, a AO HeKOTOporo rrpo

Me)KYTOqHoro COCTOHHl1.H, KOTopoe Ha3hIBaeTCH «qacT11qHo BOC

CTaHOBJ\eHHbie OKl1CHbie CTeKJ\a». A IIO'IeMy CTeKJ\a? BcrrOMHHM, 

'ITO CTeKJ\O - 3TO OKl1CJ\hl HeCKOJ\hKl1X 3AeMeHTOB, B 3aB11Cl1-

MOCTl1 OT copTa CTeKAa 3TO MOI'YT 6hITh Si, Al, Pb, Ca, K. Na, P 11 

Apyr11e. B qacTHOCTl1, ecAH B3HTh cTeKJ\o c 6oJ\hIII11M COAep:>Ka

H11eM Pb 11 HarpeTh era B BOAOPOAe, PbO qacT11'IHO BoccTaHo

B11TcH AO Pb, y CTeKJ\a IIOHBl1TCH rrpoBOA11MOCTh 11 coxpaHl1TCH 

cpaBHl1TeJ\hHO BhICOK11H: KB3. 3M11TTepb1, 113rOTOBAeHHhie Ta

Kl1M crroco6oM, 11MeIOT OAHO oco6oe TeXHOAOr11qecKOe rrpe11My

ru;ecTBO - 113 Hl1X - BeAh OH11 CTeKJ\HHHhie - MOI'YT 6hITh 

BhlT.51HYThI TOHKl1e Tpy6Kl1. TaK11e Tpy6Kl1 CKJ\aAbIBaIOTC.51 B rra

KeT, HarpeBaIOTC.51 AO TeMrrepaTyp, rrp11 KOTOpbIX OHH crra11BaIOT

C.5I 11 rrporpeBaIOTC.51 B BOAOPOAe. TioAyqaeTc.51 M11KpoHaKal\hHa.5I 

rrAacT11Ha (MKTI) (p11c. 72). EcAH Ha Topu;h1 rrAaCT11HhI HaHecT11 

MeTaJ\J\H'IeCKl1e IIJ\eHK11 11 Ilp11J\0)Kl1Th K Hl1M Harrp.51)KeH11e, TO 

M11KpOKaHaAhHa.51 rrAaCTl1Ha CTaHeT M11KpOKaHal\hHhIM YMHO:>Kl1-

TeAeM. BHYTpeHH.51.51 rroBepxHOCTh KaHaAOB rroKphITa cAa6orrpoBo

A.51Iu;11M cAoeM 113 PbO 11 Pb. 3ToT cAo:H - BTop11tIHhIH 3Ml1TTep 

PMC. 72. MKn 
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rnasa 8. Cep,D.u,e 3neKTpOHHoro np116opa 

RB KaHaAax rrpoRCXOAHT YMHOJKeHRe 3AeKTpOHOB. fAaBHOe CBOH

CTBO MRKpOKdHaAhHOM IIAdCTHHbl COCTOHT B TOM, 1ITO ycHAeHHhlll 

3AeKTpOHHblll IIOTOK BbIXOAHT H3 Hee HarrpOTHB Tex MeCT, rAe 

B IIAdCTHHY IIOIIdAdlOT rrepBH'lHhie 3AeKTpOHhl. 3TOT ycHAeHHhlll 

TOK MOJKHO H3MepHTh H Y3HaTh He TOAbKO, CKOAbKO rrepBHtIHhIX 

3AeKTPOHOB IIOIIaAO B IIAdCTHH~ HO H B KdKHe HMeHHO MeCTa 

OHR IIOIIaAH. A/l5I MHOrHX npHMeHeHHM TdKOe CBOMCTBO 51BA5leTC51 

BeChMd u;eHHhIM. 

BhuIIe 6b1Ao cKa3aHo, tITO xopoIIIHMH BTOpHtIHhlMH 3MHTTe

paMH 51BA5IIOTC51 OKHCAbl, HO - BOT 6eAa - y HHX IIAOXa51 rrpo

BOAHMOCTh. Me;>KAy TeM Mb! 3HaeM, tITo OKliCAhI Ba, Sr, Ca -

H HHAH:BHAYaAbHbie, H CMeIIIaHHhie (BaSrCa)O B OKCHAHOM Ka

TOAe liMelOT AOBOAbHO 60AblllYIO rrpOBOAliMOCTh. TipaBAa, OHH 

He OtieHb xopoIIIO BhIAepJKHBaIOT 3AeKTpOHHYIO 6oM6apAHPOBKy, 

KaK, KCTaTH H OKHCAhI 3AeMeHTOB III rpyrrnw La20 3 , Y20 3 , Th02, 
H cMeIIIaHHhle, HarrpnMep (La Y) 2 0 3 . MoJKeT 6bITh, nx sce-TaKH 

MOJKHO rrpHMeHHTh B KatieCTBe BTOpHtIHhIX 3MH:TTepoB? YJK OtieHh 

co6Aa3HHTeAhHO 11crroAh30BaTh BhICOKHli KB3 OKHCAOB. 

11crrOAh30BdTh B KatieCTBe BTOpH1IHhIX 3MHTTepoB OKHCAhl 

3AeMeHTOB II H III rpyrrrrhl MOJKHO. 11 HX TaK HCIIOAb3YIQT, H BITOA

He ycrreIIIHO, HO - YBhI - IIOAyrrpoBOAHliKdMH 3TH OKHCAhl CTa

HOB51TC51 TOAbKO IIOCAe HarpeBa B BdKYYMe. Bbl IIOMHHTe, 1ITO 

R36bITOK MeTaAAa (R BMeCTe c TeM npoBOAHMOCTb) II051BA5IIOT

C51 y 3THX OKliCAOB TOAhKO IIOCAe B3aHMOAeMCTBl151 npH Harpese 

c MeTaAAOM KepHa RAH BOCCTaHdBAHBdlOiu;liM OCTaTOtIHhIM ra30M 

HAH rrpoCTO IlOCAe 1IaCTR1IHOrO TepMHtiecKoro pa3AOJKeHH51. 11TaK, 

6e3 Harpesa He 06o:HT11Ch. Ho AeAaTh cneu;HaAhHhIM HarpeBaTeAh 

TOAhKO AA5I aKTRBRposaHH51 He xo11eTC5I. Tio3TOMY OKHCAhl 3Ae

MeHTOB II H III rpyrrrrhI npHMeH51IOTC51 rrpaKT1111ecKH TOAhKO B Tex 

CAyqMx, KOfAa HarpesaTeAb «Bee paBHO eCTh», TO eCTh B npH60-

pax, rAe HCIIOAh3yeTC51 lf RX TepM03MHCCH51, TO eCTh B np116opax 

M-THITa. 

TipR 3AeKTpOHHOM 6oM6apARPOBKe OKHCAbl pa3AaraIOTC51 H 

KB3 ITdAaeT. TioH51THO, tITO y MeTaAAa KB3 HHJKe. A KyAa AeBa

eTc51 KHCAopoA? Ysw, OH cop6npyeTrn APyrHM11 AeTaMIMH rrpH-

6opa, KOTOphIM OH, spoAe 6h1 H HH K 11eMy. HeAh351 AH CAeAaTh 
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11. ,D,on>KHO n11 cep/1,Lle 3Br7 6b1Tb ropf1'111M? 

TdK, lJ:T06bI KHCAOPOA cop6HpOBdAC.SI Ha KdTOAe, OKHCMIA MeTaAA 

H BOCcTaHaBARBaA KB3 KaToAa. MoJirno. /1;'ill 3Toro B o6'heM rrpH-

6opa IIOHeMHO.IKKY MO.IKHO B rrpou;ecce pa60ThI BBOAHTh KHCAO

pOA. 06paTHTe BHHMdHHe - BBOAHTh KHCAOpOA B 3BIT, lJ:T06bI 

BOCCTdHdBARBdTh 3MHCCHOHHbie CBOHCTBa KdTOAd. Xo11eTC5I CKd-

3dTh - rrpHCHHTC51 .1Ke TaKoe! Ho 3TO BOBce He coH. ITpocTo 51Bh 

3BIT 6hrnaeT HeCKOAbKO HeO.IKHAdHHOH. 

11 . AomKHO m1 cepAu.e 3Bn 6b1Tb ropS11.1HM? 

Aa co6cTBeHHO roBOp51, He o6513aTeAhHO. OT 3Toro rop5111ero 

cepAu;a OAHH HerrpH51THOCTH. Bo-rrepBhIX, rrpH BKAIO'IeHHH 3BIT 

KaTOA pa3orpeBaeTc51 He cpa3y. BpeM51 pa3orpeBa TepMo3AeK

TpOHHhIX KdTOAOB COCTaBMieT B 3aBHCHMOCTH OT HX pa3MepoB 

OT 10 AO 100 ceKyttA. Ho TeAe3pHTeAh He .IKeAaeT CHAeTh rrepeA 

rroARpoBaHHhIM 51IIJ;HKOM H AeC51TH ceKYHA 6e3 AeAa. OH .IKeAaeT, 

lJ:T06bI cpa3y HAR KAIOillKOll IIO roAOBe HAR MeAaM 3aAaMbIBaeT 

PYKH B 3KCTa3e. Ho 3TO eIIJ;e rroA6eAhI, AMI KHHecKorroB pa3pa60-

TdHhI KdTOAhI c BpeMeHeM pa3orpeBa OKOAO ceKyttAhI, a BOT AMI 
APyrHx 3BIT CAeAaTh TaKHe KaTOAhI TPYAHO. Bo-BTOphIX, Ha Ha

rpeB KaTOAa pacxoAyeTC51 3HeprH51 - 3TO yMeHhlllaeT KITA rrpH-

6opoB. B-TpeThHX, HarpeThIH KaTOA Hcrrap.1IeTC5I, B pe3yAhTaTe 

H 3arp513H51eT rrpH6op H coKpaIIJ;aeT cBoil cpoK cAy.1K6hI. KaK BH

AHTe, HeAOCTaTKOB, rrpOHCTeKaIOIIJ;HX OT Toro, 'ITO KdTOA rop5I1IHH, 

MHoro - Aa MhI eIIJ;e rrepe1IHCARAH He Bee. TaK 1ITO cTapa51 Meq

Ta - CAeAdTb KdTOA XOAOAHhIM - 3TO xopoma51 MelJ:Td. 

ITocMOTpHM, KaK ee yAaeTc51 BOIIAOTHTh. IToqeMy Boo6IIJ;e 

c YBeARlJ:eHHeM TeMrrepaTyPhI YBeAR1IHBaeTc51 3MHCCH51? IToToMy, 

lJ:TO c YBeARlJ:eHHeM TeMrrepaTyPhI TeAa yBeAH1IHBaeTC51 cpeAH5151 

3HeprH51 era 3AeKTpOHOB rrpoBOAHMOCTII; yBeAH1IHBaeTC51 H AO

MI 3THX 3AeKTpoHoB, HMeIOIIJ;a51 3HeprHIO, AOCTaTOlJ:HyIO AMI To

ro, 1IT06hI IIOKHHYTh TeAo. A HeAh351 AH «HarpeTh» 3AeKTpOHhI, 

He HarpeBa51 TeAa, TO eCTh rrepeAaTh HM 3HeprHIO He OT pellleT

KH? KoHelJ:HO, MO.IKHO. HarrpHMep, ecAR B TeAe C03AaTh BhICO

KyIO Harrp51.1KeHHOCTh IIOMI, TO 3AeKTpOHhI Ha AAflHe CB060AHOro 

(TO ecTh 6e3 coyAapeHHtt c pellleTKOtt) rrpo6era 6YAYT Ha6HpaTh 
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r11asa 8. Cep17.L1e aneKrpoHHoro npM6opa 

.[(II 
a) 8) 

P111c. 73. Xono,o,Hble KaTO,D,bl: a) c aM11cc11e'1 113 no11ynposo,o,H11Ka, 

6) M0TaJ1Jl-,D,1'13Jl0KTPl'1K-M0TaJ1Jl, B) OCTpOBKOBbl'1 K8TO,D, 

6ohhlllyro 3Hepnuo. Ee.Ml TaKOH 3AeKTpOH OKaJKeTc51 6.llli3KO K rro

BepxHOCTM, OH MoJKeT 6hlTb 3MMTTMpoBaH. TaKMe KaTOAhI c03AaHbI 

M ycrrelllHO pa6oTaIOT, XOT51 ITO IIAOTHOCTM TOKa 3MMCCHH HM rro

Ka «IIOMep51TbC51 CHAaMH)} c TepMOKaTOAaMH He yAaeTc». KpoMe 

Toro, rAe C03AaBaTb TO CaMoe IIOAe, KOTOpoe 6yAeT YBeAM"lJHBaTb 

3HeprHIO 3AeKTpoHoB? B AH3AeKTPHKe HeT 3AeKTpOHOB rrpoBOAH

MOCTH, a B IIOAyrrpOBOAHHKe (He roBop51 YJK 0 MeTaAAe) IIOTe"lleT 

TOK ;M H.a"lJHeT OII51Tb 3aTpa"l!HBaTbC51 MOrn;HOCTb. OTHOilleHHe 3MHT

THpOBaHHOrO TOKa K 3aTpaqeHHOH MOrn;HOCTH AJ\.51 KaTOAOB 3Toro 

THIIa TOJKe IIOKa MeHbllle, qeM AJ\.51 TepM03AeKTpOHHhlX KaTOAOB. 

MoJKHO, rrpaBAa, nocTyrrHTb XHTpee. C noMorn;hIO aBT03AeK

TpOHHO:i1: 3MHCCHH BbIAeprHBaTb 3AeKTpOHhl 113 MeTaAAa B AH3AeK

TpI1K MJUI BaKyyM, TaM MX pa3orpeBaTb 60Af>IllI1M IlOAeM I1 Bhrnyc

KaTb B BaKYYM· Ha 3TOM npHHD;HIIe OCHOBaHa pa6oTa XOAOAHhlX 

KaTOAOB, IIOKa3aHHbIX Ha p11c. 73. B KaTOAe 73 6 IIOAe C03AaeT

C51 Me)I{Ay ABYMH MeTaAJUl"l!eCKHMH 3AeKTPOAaMH, pa3AeAeHHbI

MM AI13AeKTPI1KOM. 3AeKTpOHbl M3 HHJKHero 3AeKTPOAa rrocpeA

CTBOM aBT03MI1CCHH nepeXOA5JT B AH3AeKTpHK, TaM pa3orpeBaIOT

C51 11 CKB03b TOHKyro rrAemsy TIT 3MHTTHpyroTc51 B BaKYYM. B Ka

TOAe 73 B Me)I{Ay MeTaAJUl"l!eCKI1MI1 qacTH"l!KaMM (Ml-I) pa3MepoM 

B COTHM I1 TbIC51"lJH aHrCTpeM, HaXOA51rn;HMHC5I Ha AH3AeKTpHqe

CKOH IIOMOJKKe (AIT) npOH:CXOAHT aBT03MHCCH:51, 3AeKTPOHbl AeTa

lOT OT "l!aCTHD;bl K qacT:ttn;e, YBeAM"lJHBaIOT CBOIO 3HeprHIO H, OTpa-

184 



11. ,D.on>KHO nu cep,ll,~e 3Bn 6b1Tb ropfl411M? 

3HBU1HCb OT oqepeAHOro ocTpOBKa, yAeTaIOT B BaKyyM. ITepeqnc

AeHHbie THIIbI XOAOAHbIX KaTOAOB IIOKa He rrpnMeH5IIOTC5I B 3BI1 
illHpOKO. Ho OHH ern;e He CKa3aAH CBOero IIOCAeAHero CAOBa. 

A rroqeMy HdAO co6npaTh :rneprnIO 3AeKTpoHy, y)Ke BhillleA

llleMy B pe3yAhTaTe aBT03AeKTpOHHOH: 3MHCClili B BaKYJM? HeAh-

351 Ali HerrocpeACTBeHHO «3arrycTliTb ero B 3BI1», KOHe'IHO, eCAli 

CAeAaTb TaK, qT06bI OH 3MHTTHpOBaAC5I li AeTeA He OT OAHOro 

ocTpOBKa K ApyroMy (p11c. 73B), a B o6'beM rrp116opa? AM aBT0-

3AeKTpOHHOH 3M11cc1111 HY:>K:HhI 60AbU111e HarrpH:>K:eHHOcT11 rroM, 

CAeAOBaTeAbHO - HAli BbICOKHe Harrp5I)KeHl15I 11Ali MdAbie 3a30pbI. 

XoAOAHhIH KaTOA, Tpe6yIOrn;nil AM pa6oTbI BhICOKl1X HarrpH)Ke

Hl1M, He MO)KeT KOHKyp11pOBaTh c TepM03AeKTpOHHbIMli - y Hl1X 

3Toro HeAOCTaTKa HeT. OcTpOBKOBhIH KaTOA (p11c. 73 B) BhICOK11x 

Harrp.~DKeHHM He Tpe6yeT - OCTpOBKH (Ml.J) o6pa3yIOTC5I rrp11 

HaIIblAeHl111 MeTaAAa Ha AH3AeKTp11K (AIT) H paCCT05IHl15I Me)K

AY Hl1Ml1 MdAbI. AM C03Aamrn xopoillo pa60Ta10rn;ero rrpn Ha

rrpH)KeH1111 rropHAKa 100 B aBT03AeKTpOHHoro KaTOAa HdAO 113ro

TOBl1Th KOHCTPYKU.11IO c pa3MepaMli 3AeMeHTOB rropHAKa 1 MKM. 

CTaHAapTHOe cpaBHeH11e - B 50 pa3 TOHhille 'IeAoBe'IecKoro BO

Aoca. 3dAaqa 6hIAa peilleHa B 1970-x roAaX rpyrrrroH: 11ccAeAO

BaTeAe:M IIOA PYKOBOACTBOM K. A. Crr11HATa. l,faroTOBAeHHaH HM11 

CTPYKTYPa rroKa3aHa Ha p11c. 74. Ha IIOAAO:>K:Ke (IT) 113 KpeMHHH 

HaxOAfiTCH CAOH 1130A5ITOpa (11) 113 OK11Cl1 KpeMHl15I IIOKpbITblll 

IIAeHKOil MOA116AeHa - yrrpaBMIOlll;HM 3AeKTPOAOM (Y3). B ll,11-

A11HAP11'IeCKHX KOAOAU,ax (K) AHaMeTpOM 1 MKM, paCIIOAO:>K:eHHblX 

lOKM 

PMc. 74. Asrna11eKTpoHHb1i1 KaTOA Allfl 3Bn 
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r11asa 8. Cep11.L1e 3fleKTpOHHOrO npu6opa 

c rnaroM 10 MKM, HaxOA51TC5I MOAM6AeHOBbie KOiryca - 3MHTTe

pbI (3). CTpH npHAOJKeHHH Me)l(Ay ynpaBA51IOru;HM 3AeKTPOAOM 

H ITOMOJKKOH HanpHJKeHHH B 100-200 B HaquHaeTcH aBT03AeK

TpOHHaH 3MHCCHH H3 3MHrrepoB. HaquHaeTCH u npOAO)\)KaeTcH, 

npoAO)\)KaeTcH, npoAO)\)KaeTcH ... AM TaKHX KaTOAOB yJKe noAy

qeHhI 3Ha'leHH51 ITJ\OTHOCTH TOKa H cpoKa CAyJK6hI, cpaBHHMbie 

c noAyqaeMhIMH AA5J TepM03AeKTpOHHhIX KaTOAOB. BnepeAH -

KOHKypeHTHa51 6opb6a. 

12. "ITO He nOAem·mM 

aHTM3MMTT0pb1 c 3MMTTepaMM? 

Pa3YMeeTCH, 3MHCCHIO. PaccMoTpHM cAeAYIOru;YIO CHTYa:QHIO. 

11MeeTc.H caMaH o6hl'IHaH HOBaH 3AeKTpOHHaH AaMna. Ha ceTKY 

ITOAaeTC51 601\bIIIOe OTpH:u;aTeJ\bHOe HanpHJKeHHe, BITOJ\He AOCTa

TO'IHOe AA5I «3anHpaHH51» J\aMIThl - npeKparu;eHHH npoxo)l(AeHH51 

TOKa. 11 TOK, ecTeCTBeHHO, npeKparu;aeTCH. Ho npoxOAHT KaKoe

TO BpeMH, AaMna pa6oTaeT ce6e Aa pa6oTaeT, TOJ\bKO oHa npeKpa

ru;aeT 3anupaTbCH - npH ITOAa'le oTpu:u;aTeJ\bHoro HanpHJKeHHH 

Ha ceTKY TOK aHOAa YMeHhrnaeTCH, HO He AO Tex HH'ITOJKHhIX 3Ha

'leHHH, a AO ropa3AO 60J\bllIHX. 11 COBeprneHHO HeAOITYCTHMhlX. 

CTpH 3TOM 3AeKTpOHhI AeTHT He c KaTOAa Ha aHOA, He ITOA'IHHH

.HCh 3anHpaIOru;eMy AeHCTBHIO ceTKH, a c ceTKH Ha aHOA H KaTOA. 

CeTKa cTaHOBHTCH KaTOAOM. Co6cTBeHHO roBopH, oHa HaXOAHTCH 

ceH:qac ITOA OTpm:.1;aTeJ\bHbIM OTHOCHTeJ\bHO KaTOAa M aHOAa no

TeH:u;HaAOM. Ho AA5I Toro, 'IT06hl 6bITh KaTOAOM, 3AeKTPOAY HaAO 

eru;e HMeTh HaMeJKaru;y10 3MHCCHIO - TO eCTb 6bITb ITOKpbITbIM 

Beru;ecTBOM c 60J\bllIOH 3MHCCHeH H HaxOAHTbCH npH AOCTaTO'IHO 

BbICOKOH TeMnepaTYPe. Tenepb ITOHHTHO, 'ITO AA5I cyru;ecTBOBaHH51 

Ha6AIOAaeMoro 3cpcpeKTa He06XOAHMO, 'IT06b1 Ha ceTKe 06pa30-

BaAOCb ITOKphlTHe (B Ha'laAe pa60Tbl AaMITbl ero, ecTeCTBeHHO 

He 6blAO) c BbICOKOH 3MHCCHeH H 'IT06hl ceTKa 6b1Aa ropH'leH. 

CToKphITHe 06pa3yeTcH np11 HaITbIAeHHM Ha ceTKY Toro, qTo ucna

pHeTcH c APyrMx qacTeH J\aMIThl, B OCHOBHOM - c KaTOAa H npH 

B3aHMOAeHCTBHH HaIT.HJ\eHHOro MaTepuaAa c OCTaToqHoH aTMO

ccpepoli npH6opa. KAaccuqecKaH CHTYa:QHH - c KaTOAa HcnapH

eTcH Ba, Ha ceTKe OH OKHCA51eTCH AO BaO - BOT H ITOKpbITHe 
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12. '-/TO He no,D.eJT/llJT/11 8HT/113M/llTTepbl c 3M/llTTepaM/ll? 

c xoporneli 3MHCCHell. lfro )Ke AO HarpeBa ceTKH, TO 3a HCTOqHH

KOM Tem\.a AaAeKo XOAHTh He HdAO - OH TyT )Ke, B 60AbIIlHHCTBe 

3BTI He AaAee, qeM B OAHOM MHJ\AHMeTpe, H 30Byr ero KaTOA. Ka

TOA ll HaIIbIMieT Ha ceTKY H HarpeBaeT ee H AeAaeT ll3 ceTKH KaTOA. 

lfro )Ke TaKoe aHTH3MHTTep HAH, KaK 06h1qHO fOBOpHT, aHTH-

3MHCCHOHHOe IIOKpbITHe? 3TO IIOKpbITHe, HaHeCeHHOe Ha ceTKy, 

qT06b1 cHH3HTb ee 3MHCCHIO. CHH:IKaTb 3MHCCMIO TaKoe rroKpbITHe 

MO:IKeT ABYMH rryrHMH - AH6o pacTBOpHH B ce6e Harrb1M110ni;ee

CH Bern,ecTBO (TaK pa6oTaeT 30AOTOe IIOKpbITMe, paCTBOp51IOI1l,ee 

B ce6e 6apHH) HAH yBeAHqHBaH CKOpOCTb ncrrapeHMH c ceTKH 

HaIIbIMIIOI1l,eroc51 Ha Hee c KaTOAa Bern,ecTBa. 0TCIOAa, KCTaTH, 

BHAHO, qTO 3aBMCHMOCTb napa3HTHOH 3MHCCHH c ceTKH OT ee 

TeMnepaTYPbI HeMOHOTOHHa. Tipn MaAOll TeMrrepaTYPe 3MHCCH51 

MaAa rroToMy, qTo oHa yMeHbrnaeTCH c YMeHbIIleHHeM TeMrr~pa

TYPhI. Tipn 60AbIIlHX TeMrrepaTYPaX OHa TO)Ke MaAa, HO IIOTOMy, 

qTo yBeAHqHBaeTCH CKOpOCTb HcrrapeHHH c ceTKH Bern,eCTBa, Ha

IlblA51IOI1l,erocH Ha Hee c KaTOAa H, cAeAoBaTeAbHO, yMeHbruaeTcH 

ero Kom.i;eHTpa1w51 Ha ceTKe. 

Bo3MO:IKHa CHryaIJ;HH, KOrAa HaAO Ha KaTOAe C03AaTb He3MHT

THpymrn,ne yqacTKH ( «3MllCCHOHHbIH pHCYHOK» MAH «3MHCCHOH

Hblll peAbecp))). B 3TOM CAyqae TO Bern,eCTBO, KOTopoe yBeAH

qHBaeT 3MHCCHIO, rrorraAaeT Ha yqaCTOK, KOTOpblll He AOA:IKeH 

ceTKa 

H30JHITOp 

f7!1/T///I 

a) 

P111c. 75. np1-1MeHeH1-1e aHrnaM1-1cc1-10HHb1x n0Kpb1T1-1L'.1: a) Ha ceTKe, 

6) Ha KaTOAe, B) Ha CeTKe MOHOJlt.1THOro KaTOAHO-CeTOYHOro y3na 

187 



rnasa 8. Cep,£Jl(e aneKTpOHHoro np116opa 

HMeTb 3MHCCHH, He HCIIapeHHeM H KOHAeHcau;He:H (pHC. 75 a), 

a MHrpau;HeH (pHC. 75 6). Bo3MO/KHa H KOM6HHHpOBaHHa5I cmy

au;H5I - B TaK Ha3bIBaeMbIX «MOHO.l\HTHblX KaTOAHO-CeToqHblX 

y3Aax» (pHc. 51). B 3THX y3Aax KaTOA H ceTKa pa3AeAeHbl He Ba

KYYMHbIM 3a3opoM, a AH3AeKTpHKOM, TaK qTo Beiu;ecTBO c KaTo

Aa MOJKeT IIOIIdAaTb Ha ceTKY H HcrrapemrnM - KOHAeHcau;He:H, 

H MHrpau;He:H. BHAHO, qTo yrrpaB.l\.5ITb 3THM rrpou;eccoM B AaHHOM 

CAyqae MO/KHO H H3MeH5I5I CBOHCTBa AH3.l\.eKTpHKa. 

B u;eAOM o 6opb6e c 3MHCCHe:H Toro, qTo 3MHTTHpoBaTb 

He AO.l\.>KHO MO/KHO CKa3aTb (KaK BrrpoqeM H 0 MHOrOM ApyroM), 

qTo B u;eAoM 3dAaqa 3TO eiu;e Ad.l\.eKo He perneHHa5I. 1.fro 3Ha

qHT - «B u;eAOM»? 3To 3HaqHT, qTO A.l\.5I .l\.l06oro KaTOAa (3Ha5I, 

qTO OH Hcrrap5IeT) H 3Ha5I TeMrrepaTYPY ceTKH, Mbl MO>KeM YKa3aTb 

TaKoe IIOKpblTHe ceTKH, qTO OHO rapaHTHpyeT HaM Md.l\.YJO 3MHC

cmo ceTKH (rrpHqeM .l\.l06yio, KaKyIO Mbl IIOTpe6yeM) B TeqeHHe 

.l\.l06oro BpeMeHH, KOTOpoe Mbl Ha30BeM. B TaKOH IIOCTaHOBKe, 

KOTopyio MO/KHO Ha3BaTb rA06d.l\.hHOH, 3TOH 3dAaqe He BHAaTb 

HH KOHu;a HH KpaIO. 11 ee XBaTHT H HaM, H BaM H eiu;e OCTaHeT

C5I. Ho IIO.l\.BeKa HCTOpHH 3BCT He rrpOIII.l\H, KOHeqHo, AapoM -

A.l\.5I MHOrHX K.l\.aCCOB 3BCT 3Ta 3dAaqa B 3HaqHTe.l\.hHOH CTerreHH 

perneHa. Ho H o6iu;yio, «rAo6d.l\.bHYJO» rrocTaHOBKY 3dAaqH rrepeA 

rAa3aMH HMeTb HdAO. 

1.JT06b1 3HaTb KyAa HATH. 

13. WyM1.1M, 6pan.i.b1, wyM1.1M ..• 

Ec.l\H Bbl CH.l\.hHO YBeJ\HqHTe rpoMKOCTb .l\.l06oro rrpoHrpbrna

Te.l\.5I, MarHHTocpoHa H.l\H rrpHeMHHKa, TO MO>KeT rrpOH30llTH OAHO 

H3 AByx. nepBoe - 0 Bae IIOAYMaIOT II.l\.OXO COCeAH - rrpOH30H

AeT, ec.l\H rrpH 3TOM Ha BXOAe 6bl.I\. cHrHM. BTopoe - Bbl yc.l\.h1-

IIIHTe IIIYM arrrraparypbl - rrpOH30HAeT, ec.l\H CHrHd.l\.a Ha BXO

Ae rrpH 3TOM lie 6b1Ao. '11Haqe MO>KHO cKa3aTb, qTo IIIYM - 3TO 

CHrHM, reHepHpyeMblll Cd,MHM ycH.l\HTe.l\.eM, KOrAa HeT CHrHd.l\.a 

Ha ero BXOAe, Toro «IIO.l\.e3HOro CHrHd.l\.a», PdAH ycH.l\.eHH5I KOTO

poro H c03AaBMC5I 3TOT ycH.l\HTe.l\.h. KaK rrpaBHAO, IIIYM - 3TO 

BpeAHbIH CHrHM; OH MernaeT CAyrnaTb MY3blKy, MernaeT rrpHHH

MaTb cAa6b1e PdAHOCHrHd.l\.bI. 0TKyAa >Ke 6epeTC5I IIIYM? 
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14. nel.fK8 /J/lfl K8TO/l,8 

Ero 11eTOtIHl1KOB B PdAl10armapa-rype ABa, 11 OA11H 113 Hl1X KaK 

pa3 11 eB.513aH e KaTOAaM11. Ho MhI HatIHeM e Apyroro. 3TOT ruyM 

Ha3hIBaeTe.51 «Apo60BhIH II1YM», OT eAoBa AP06h. He OT TOH AP0611, 

tITO B apmpMeT11Ke, a OT TOH, tITO B oxoTHl1tiheM AeAe. KoTopoH 

TernaT eBOl1 rre11xoAor11qeeK11e KOMIIAeKehI TaK H He IIOB3pOeAeB

II1He B3pOeAhre A.5IA11. 

B eaMoM AeAe, 3AeKTpOHhI - 3TO TOJKe MaAeHhK11e ruap11-

Kl1. f10MHl1Te, KaK 6hIAa OTKphITa A11eKpeTHOeTh 3ap.51Aa? TaK BOT, 

113-3a A11CKpeTHOeTl1 3ap.51Aa KOAHtieeTBO 3AeKTpOHOB, rrepeeeKa

IOIIJ;l1X OAHO 11 TO JKe eetieHIIe rrpOBOAa B eAHH11u;y BpeMeHl1 Bee 

BpeM.51 KOAe6AeTe.51. ToAIIa 3AeKTpOHOB TO peJKe, TO ryru;e •.. ' TO eeTh 

KOAe6AeTe.51 TOK B rrpoBOAe, TO eeTh II0.51Bl1Ae.51 rrapa311THhIH e11r

HaA 11A11 ruyM. B 3AeKTpOHHhIX AaMrrax OH 11MeeT orrpeAeAeHHhie 

oeo6eHHoeT11. Harrp11Mep, B MHoroeeTOtIHhIX AaMrrax rro.51BA.51eTe.51 

II1YM TOKOpaerrpeAeAeHl1.51, eB.513aHHhIH e TeM, 'ITO BhIAeTeBII111H 

e KaTOAa 3AeKTpOH MOJKeT rrorraeTh Ha pa3Hhle 3AeKTPOAhl. 

APyroH 11eTOtIHl1K rnYMa - 3TO TaK Ha3hmaeMhre cpAHKKep

lliYMhI HAH «Mepu;aH11e». CB.513aHhI cpA11KKep-II1YMhI AaMrr e MeA

AeHHhIM 113MeHeH11eM eBoHeTB KaTOAOB. Harrp11Mep, B pe3yAhTaTe 

A11¢cpy31111 11Al1 IIOIIdAaHl1.51 Ha KaTOAhI aTOMOB 11 110HOB oeTa

TO'IHhIX ra30B. B AaMrrax e Al1HOAaM11 B03Hl1KaIOT, eeTeeTBeHHO, 

11 cpA11KKep-II1YMhI BTOp11tIHOH 3Ml1ee1111. 

EeTh B AaMrrax 11TpeTHH11eTOtIH11K ruyMa - B116pau;1111 3AeK

TPOAOB rrp11 B03AeHeTBl111 Ha AaMIIhI yeKopeH11H; HO e 3Tl1M B11AOM 

II1YMOB IIOH.51THO KaK 6opOThe.51. lfro JKe AO OeHOBHhIX B11AOB ruy

MOB, TO e cpAI1KKep-ruYMaM11 6opoThe.51 BeehMa eAOJKHO, a e AP0-

6oBhIMl1 - eaMl1 IIOHl1MaeTe - H11KaK. 

14. ne~Ka AJlSI K3TOA3 

Bee TerrAOBhie 3dAatI11, KOTOphre peruaeT TexH11Ka, AeA.51Te.51 

Ha ABe rpyrrrrhI. J\1160 tieAoBeKy HdAO tITO-TO HarpeTh, A1160 tieAo

BeKy HdAO 'ITO-TO OXAdAl1Th. BoT 11 KaTOAhI tieAoBeKy HdAO A1160 

oXAaJKAaTh, A1160 HarpeBaTh, rrp11tieM HarpeBaTh rrotITl1 BeerAa, 

a OXAaJKAaTh - OtieHh peAKO. f1o3TOMY H HatIHeM e OXAa)KAeHl1.51. 

Ho rrotieMy, eo6eTBeHHO 11x Boo6ru;e HdAO oXAaJKAaTh 11A11 

HarpeBaTh? f1p11tI11Ha rrpoeTa - rrapaMeTphr, eBoHeTBa AI06oro 
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rnasa 8. Cep,D,u,e aneKTpoHHoro np116opa 

MaTepttaAa 3aBtte5IT OT TeMrreparypbI H Te rrapaMeTpbI, 3HaqeHH5I 

KOTOpbIX HaM HdAO H:MeTb KaKHMH TO orrpeAeJ\.eHHhlMH AOeTttraIOT 

3THX 3HaqeHHH He KOfAa IIOilaAO, a rrpH orrpeAeAeHHbIX TeMrre

parypax. ITpoeTe:Hllla5I ettryau;H5I - KaTOA AOJ\.)KeH 6bITb Ha TOM 

MeeTe, rAe OH eeTb, a He KarraTb KaIIAAMH KYAa-To BHH3! ITo3TO

MY OH He AOJ\.)KeH rrAaBHTbe5I, rro3TOMY OH AOJ\.)KeH oXAa~aTbe5I, 

eeJ\.H yeAOBH5I ero pa60TbI B rrptt6ope TaKOBhl, qTo OH HarpeBa

eTe5I TaK, qTO 6e3 OXJ\.a~eHH.H MOJKeT HarpeTbe5l AO IIJ\.aBJ\.eHH5I. 

AaAee, Bee MaTepHaAbI tterrnp5IIOTe5I, paexoAyReb H 3arp5I3H5I5I 

rrpH6op. 3TO eru;e OAHa rrpHqHHa, no KOTOpo:H MOJKeT IIOTpe-

6oBaTbe5I OXJ\.a~aTb, eeJ\.H... KaTOAbI HarpeBaIOTe5I B rrptt6opax 

AByx KAaeeoB. ITepBbIH - 3TO rrpH6opbr M-Tttrra e 6oM6apAHPOB

KOH KaTOAa 31\.eKTpoHaMH. KeTaTH, oXAa~aTb KaTOA rrpttXOAHTe5I 

He BcerAa, qaru;e B rrptt6opax M-THrra MOlll;HOeTb, rrpttHoettMa5I 

Ha KdTOA 31\.eKTpOHaMH OKa3bIBaeTe5I HeAOeTaToqHa AAA HarpeBa 

KaTOAa AO TOH TeMrreparyphl, rrptt KOTOpo:H OH HMeeT TO rrapaMeT

pbI, KOTOpbre HYJKHbI AAA pa6oTbI rrpH6opa. 11 KaTOA rrpttXOAHTe5I 

Bee-TaKH AOrpeBaTb. EbIBaIOT H eAyqaH, KOfAa TeIIJ\.OBOH 6aAaHe 

yeTaHaBAHBaeTe5I KaK pa3 rrptt HYJKHOH TeMrreparype - TO eeTb 

cpaKTH:qeeKH 3TO 03HaqaeT, qTo KdTOA OXJ\.a~aeTe5I He rrpHHYAH

TeJ\.bHO (ra30M HJ\.H JKHAKOeTblO), a eB060AHOH KOHBeKu;tteif B03-

Ayxa BOKpyr PdAHaTopa, K KOTopoMy rroeTYIIaeT TerrAo OT KaTOAa. 

BTopo:H KJ\.aee rrptt6opoB, B KOTOpbIX KaTOA HaAO OXJ\.a~aTb -

3TO rrpH60pbI, B KOTOpbIX KaTOA 6oM6apAHpyeTe5I eym;eeTBeHHbIM 

HOHHbIM IIOTOKOM. 3AeKTpOHbI B TdKOM rrpH6ope 3MHTTHpyIOTe5I 

KaTOAOM 3a eqeT TdK Ha3bIBaeMOH HOH-31\.eKTpOHHOH 3MHeeHH 

(BbI6HBaHHe 31\.eKTpOHOB H3 KaTOAa HOHaMH), a qaeTb rrpHHOeH

MOH Ha KaTOA HOHaMH 3HeprHH BbIAeAAeTe5I B BHAe TeIIJ\.a, KO

TOpoe HCiAO OTBOAHTb. BrrpoqeM, MOlll;HbIH HOHHbIH IIOTOK MOJKeT 

rrpHXOAHTb Ha KaTOA He B BaKYYMHbIX, a TOJ\.bKO B ra3opa3p5IAHbIX 

rrpH6opax, a Hallla K!fHJKKa He o HHX. TaK qTo rrepe:HAeM K. 6oAee 

paerrpoeTpaHeHHhlM eHryau;H5IM, KOfAd KaTOA HdAO HarpeBaTb. 

HarpeBaTb KaTOAbI,,KaK Bbl yJKe 3HaeTe, HdAO AAA Toro, qTo-

6br OH 3MHTTHpOBaA 31\.eKTpOHbI. lfoM TeMrreparypa Bbillle, TeM 

31\.eKTpoHoB 601\.bllle. Ho qeM TeMrreparypa Bbillle, TeM 6hleTpee 

Herrap5IIOTe5I Bee MaTepttaAbI - eoKpam;a5I, eeTeeTBeHHO, epOK 
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14. ne'IK8 ,[J./lfl K8TO,D,a 

3MMTTMpyiomee 

IIOKpbITMC 

PMc. 76. Harpes KaTOAa 

3MMTTep 

CAy)K6hI (Bee 11crrap11TC5I 11 KaTOA KOHql1TC5I) 11 3arp5I3H5I5I rrp116op. 

l1 3Ml1CCl15I 11 11crrapeH11e 3aBl1C5IT OT TeMrrepaTJPhl oqeHh Cl1AhHO, 

113MeH5I5ICh B 2 pa3a - a 3TO y)Ke He BCerAa AOIIYCTl1MO - 11HO

rAa rrp11 113MeHeH1111 TeMrrepaTJPhI Bcero Al1IIIh Ha 2 %. floMep

)Kl1BaTh TeMrrepaTJPy KaTOAa c TaKOH 11 60AbIIIeH TOqHOCTblO -

HerrpocTa.sI 3aAaqa. Eru;e 6oAee CAO)KHa.sI 3aAaqa - 06ecrreq11Tb 

«paBHOMepHOCTb TeMrrepaTJPHOro IIOM» IIO KaTOAYr TO eCTb OA11-

HaKOBOCTh ero TeMrrepaTJPhl BO Bcex ToqKaX 3Ml1TTl1PJIOill;eH IIO

BepXHOCTl1. Crroc:o6oB HarpeBa cyru;ecTByeT rrp11MepHo OA11H -

BHYTPl1 o6neMa, Ha3hrnaeMoro Koprryc KaTOAa, HaXOA11TC5I HeqTo, 

IIO qeMy rrporrycKaeTC5I TOK 11 3TO HeqTO HarpeBaeTC5I, HarpeBa.sI -

KOHAYKTl1BHO 11Al1 113AyqeH11eM TY qacTb KOprryca, KOTOpa.sI 11Al1 

caMa (11AI1 IIOKpbITl1e Ha He:H) 3Ml1TT11pyeT (p11c. 76, CAeBa) 11Al1 

K KOTOpo:H rrp11KperrAeH 3Ml1TTep (crrpaBa). 

CH113y Koprryc 3aKpbIT 3KpaHaM11, He AaIOru;11M11 TeIIAOBOMY 

113AyqeHl1IO yxoA11Tb 3p5I B rrp116op 11 HarrpaBMIOill;l1Ml1 ero B CTO

poHy 3Ml1TTepa. 

KaK BcerAa, B03Hl1KaIOT rrpo6AeMhI. Boo6ru;e rrpo6AeMbI B Tex

Hl1Ke IIOXO)Kl1 Ha fHAPY - KaK TOAhKO peIIIaeM OAHy, TYT )Ke II0-

5IBA5IeTC5I Apyra.sI. TaK BOT, rrpo6AeMa caMa.sI rrepBa.sI - qT06b1 rro

AOrpeBaTeAh rpeA 3Ml1TTep, OH AOA)KeH 6hITb rop51qee 3Ml1TTepa, 

1160 11 rrp11 KOHAYKTl1BHOM TerrAoo6MeHe, TaK 11 rrp11 TerrAoo6MeHe 

191 



r11asa 8. Cep,n.~e 3/leKTPOHHOro np116opa 

H3Ayqemi:eM TeIIJ\O rrepeAaeTCH OT ropmu;ero K XO.l\OAflOMy. A pa3 

TaK, TO IIOAorpeBaTeAh CAeAaTh ern;e TPYAHee, qeM KaTOA - H6o 

rrpH HarpeBe OH H TepHeT rrpoqHOCTh, H yse.l\lfqHBaeT Hcnape

HHe. flpaBAa, OT ITOAOrpeBaTe.l\5I HaM He tty)KHa 3MHCCH5I H ero 

MO)KHO Ae.l\aTb H3 MaTepHa.l\OB c IT.l\OXOH 3MHCCHell, HO BhICO

KOll TepMOCTOHKOCThIO - yrAepoAa, BO.l\bCppaMa. flOAOrpeBaTe.l\h 

HaAO KaK-TO H30.l\MpOBaTh OT KaTOAa, qTo6bI OH He MOf ero KOC

HYThCH, HarrpHMep, rrpH BH6pal.\HHX. 0AHaKo - H 3TO BTopaH 

r.l\aBHaH rrpo6AeMa - rrpH 3THX TeMrrepaTYPaX H MeTa.1\.1\hI H yr

AepOA B3aHMOAeHCTBYIOT c H30.l\5ITOpaMH, HailpMMep, c KepaMM

KaMM. Ec.l\M 3To KepaMMKa H3 Al203, To BhJAe.l\5IeTcH KMCAOPOA, 

KOTOphlH: oTpaB.l\5IeT KaTOA. Mo)KHO, KOHeqHo, CAeAaTh noAorpe

BaTe.l\h H3 KOpOTKHX H TO.l\CThIX CTep)KHeH:, OH 6yAeT )KeCTKHll 

H He 6yAeT npM BM6pal.\HHX KacaThCH KaTOAa, HO TOfAa OH 6yAeT 

HMeTb Ma.l\eHbKOe corrpoTHB.l\eHMe H A.l\5I BhIAe.l\eHHH Heo6XOAH

MOH MOrn;H.OCTH K HeMy npHAeTcH ITOABOAHTh 60.1\hIIIOH TOK. 3Ha

qMT - TO.l\CThie npOBOAd, 60.1\hIIIMe ITOTepM, MOryqHe KOHTaKThl, 

Bee, ra6apMThI... TaK OAHa npo6AeMa HeMeAAeHHO THHeT 3a co6oH: 

BTopyro, Ta - TpeThIO H TaK AaAee. 

floHHTHo, qTo OAHH M3 ITYTeil peIIIeHHH 3TOH npo6AeMhI -

C03AdHHe MaTepHaAOB c BhICOKMM YAe.l\hHhIM conpoTHBAeHHeM, 

06 3TOM MhI nHcaAH BhIIIIe. APyroH: ITYTh - OTKa3aThCH OT HarpeBa 

3a cqeT ~oyAeBa TeIT.l\a H rpeTb KaTOA 3.1\eKTpOHHOll 6oM6apAH

pOBKOll, o6pYIIIHBd5I Ha ero ThI.l\hHYIO CTOpOHY ITOTOK ycKopeHHhIX 

3.1\eKTpOHOB OT Ma.l\eHbKOfO BCITOMOraTe.l\hHOfO KaTOAa (pHC. 77). 
TaKoH: cnoco6 Ha3hrnaeTcH «3.1\eKTpoHHhIM HaKaAOM» H OH 

BCeM xopoIII KpoMe OAHOfO - OH C.l\O)KeH. KpoMe Toro, HanpH

)Kemi:e U 06b1qHo cocTaB.l\5IeT 1-3 KB H CAeAaTh H30.l\5ITOp, BhI

Aep)KHBarorn;nH: 3TO HanpH)KeHHe AOBO.l\hHO TPYAHO. TeM 6oAee, 

qTo 3TOT H30.l\5ITOp HaXOAHTCH BHYTPH KaTOAa H pa6oTaeT npH 

BhlCOKOll TeMnepaTYPe, 'a npH HarpeBe li30.l\5II.\HOHHhle CBOHCTBa 

Bcex li30.l\5ITOpOB yxyAlllaIOTCH. 

Bbl, HaBepHoe o6paTH.l\H BHHMaHHe, qTo BCITOMOraTe.l\hHhlll 

KaTOA H3o6pa)KeH Ha pHcyttKe He TaK, KaK ocHOBHoH:. AeH:cTBH

Te.l\hHO, B KaqecTBe BCITOMOraTe.l\hHOfO KdTOAa HCITO.l\h3YeTC5I TaK 

Ha3bIBaeMhIM <<npHMOHaKa.l\hHhlll KdTOA» - Bern;h, KOTopaH OAHO-
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14. nel./K8 /1/lfl K8TO,IJ,8 

\1) 3neKTpOHhl 

BCIIOMoraTenhHhIH KaTO)J; 

M30JUITOp 

u 
P11tc. 77. 311eKTpoHHblH HaKa11 

BpeMeHHO HBMieTcH H IIOAorpeBaTeAeM H KaTOAOM. EcAH B351Th 

BOAbcppaMOBYJO rrpOBOAOKY H HarpeTb ee rrporrycKaHtteM qepe3 

Hee TOKa AO TeMrrepaTYP, rrptt KOTOpbIX HaqHHaeTC51 3aMeTHa51 

TepM03AeKTpOHHa51 3MHCCH51 H3 BOAbcppaMa, TO Mhl H IIOAyqHM 

rrpHMOHaKaAbHhIH KaTOA. TaKtte KaTOAhI rrpttMeHHIOTCH He TOAhKO 

B KaqeCTBe BCIIOMOraTeAbHhIX, OHH B006rn,e ropa3AO 6oAee APeB

HHe, qeM OCTaAbHhle, KOTOpbie Ha3bIBalOT KaTOAaMH KOCBeHHOfO 

HaKaAa. flepBbie 3AeKTPOHHbie AaMIIhl HMeAH KaTOAhl rrp51MOf0 

HaKaAa HAO CHX rrop BhIIIYCKalOTC51 AaMIIhl c TaKHMH KaTOAaMH. 

floqeMy )Ke soo6rn,e rroTpe6oBaAOCh rrpHAYMhIBaTh KaTOAhI 

KOCBeHHOfO HaKaAa? flpttqH:Ha rrpocTa - MaTepttaAbI, H3 KOTO

pbIX MO)KHO CAeAaTh rrpHMOHaKaAbHhIH KaTOA, HMelOT 60AhIIIYJO 

pa60TY BhlXOAa, TO eCTh AMI Toro, qTo6bI IIOAyqHTh OT HHX Tex

HHqecKH HHTepecey10 3MHCCHIO, HX HaAO CHAhHO HarpeTb, 3a

TpaTHB AMI 3Toro 6oAhIIIYJO MOill,HOCTh. A H3 MaTepttaAOB c Bhrco

KOH 3MHcctteH:, rrpttMeHHIOill,HXCH He rrptt 2500° C, KaK BOAhcppaM, 

a rrptt 700° C, rrpoBoAoqKy He H3fOTOBHIIIh ... PeaAbHaH CHTYau;ttH 

KOHeqHo, CAO)KHee H HHTepecHee, Haf):pHMep, MO>KHO IIOIIhITaTh

C51 CAeAaT:b KOMI103Hu;HOHHhlll MaTepHaA, coqeTaIOill,HH CBOHCTBa 

pa3HhlX MaTepttaAOB. 3To - o6AaCTh IIOHCKa. 
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rnasa 8. Cep/l,1.4e aneKTpOHHoro npu6opa 

Bnpo1:1eM, B TeopHH, KOHCTpynpoBaHHH H TeXHOAOfHH 3AeK

TpOHHbIX AaMll llO'ITH BCe - 3TO o6AaCTb llOHCKa. 11 ecAH BaM 

HHTepeCHO, TO H Bbl MO)KeTe llOHCKaTb TaM 'ITO-TO HHTepecHOe 

AAfl Bae. 

Mw AOBO./\.bHO llOApo6Ho paccKa3aAH o TepM03MHCCHH 11 Bech

Ma KpaTKO ocTaHOBHAHCb Ha APyrHx «3MMCCH.HX». 3To - AaHb 

Tp~MI.J;MM, H 3TO He11paBH./\.bHO, n6o MMeHHO «Apyrne» llpHMeH.H

IOTC.H B 3BI1 Bee nrnpe M IIIHpe. Il03TOMY paccKa)KeM 06 aBT0-

3./\.eKTpOHHOH, B3pbIBHOH I1 cpOT03AeKTpOHHOH 3MHCCHH H€MHOfO 

110Ap06Hee. 

15. AaToaneKTpOHHaR aM111cc111sm 

ABT03AeKTpoHHa.H 3MHCCH.H (TaK)Ke - 110AeBa.H 3MHCCH.H, 

3.1\.eKTpOCTaTH'leCKa.H 3MHCCH.H, TJHH€./\.bHa.H 3MMCCH.H) - nc11yc

KaHMe 3.1\.eKTpOHOB 11pOBOA51IIJ;MMH TBepAbIMH H )KI1AKHMI1 TeAa

MM llOA AeHCTBHeM BHeIIIHero 3.1\.eKTpH'leCKOfO llOM BbICOKOH 

Ha11p.HMeHHOCTH. ABT03AeKTpoHHa.H 3MHCCH.H o6'b.HCH.HeTc.H TJH
He./\.bHbIM 3cpcpeKTOM H 11pOHCXOAHT 6e3 3aTpaT 3Hepnrn Ha B03-

6yMAeHMe 3.1\.eKTpOHOB, He06XOAHMbIX AAfl 3./\.€KTpOHHOH 3MMC

CHM HHbIX BHAOB. IlpM aBT03AeKTpOHHOH 3MHCCHM 3.1\.eKTpOHbl 

11peOAOAeBaIOT llOTeHI.J;MaAbHbIH 6apbep Ha rpaHnu;e 3MHTTepa, 

He llJTeM 11pOXOAa H~ HMM 3a C'leT KMHeTH'leCKOH 3HeprHH Tell

.1\.0BOfO ABH)KeHH.H, KaK 11p11 TepM03AeKTpOHHOH 3MHCCHI1, a rryTeM 

TJHH€./\.bHOro 11poca1:1HBaHH.H CKB03b 6apbep, CJ)KeHHblH H CHH

)KeHHbIH 3.1\.eKTpH'leCKMM 110./\.eM: 

3aBMCMMOCTb aBT03MMCCHH OT llOM H pa60Tbl BblXOAa BeCb

Ma CHAbHa, 'ITO HAAIOCTpHpyeTC.H Ta6A. 2, B KOTOpOH 11pHBeAeHbl 

HeKOTOpbie 3Ha'leHM.H IIAOTHOCTM aBT03./\.€KTpOHHOro TOKa B A/cM2 

B 3aBMCHMOCTH OT llOM B Bl CM I1 pa60Tbl BbIXOAa B 3B. 

BeAH'lMHbI, KOTORwe peaAbHO He MOryT 6b1Tb 110AyqeHbI MAH 

He MOryT 6bITb H3MepeHbl, 011yrn;eHbl. 

ABT03MHCCH.H 3aBMCMT TaK)Ke, XOT.H H CAa6o, OT TeM11epary

pbI. TaK, B o6AaCTH «TeXHM'leCKM HHTepeCHbIX» IIAOTHOCTeH TOKa 

(6oAee 106 A/cM2 Ha rroBepxHOCTH 3MHTTepa) rrpn pa6ornx BbI

XOAa B o6AaCTH 5-6 3B aBT03AeKTpOHHbIH TOK JEeAH'lHBaeTC.H 
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Ta6m11.1,a 2 

Pa6oTa BhIXOAa, :JB 
CToAe, B/cM 

2,0 4,5 6,3 

107 103 2 x 10- 17 -

2 x 107 2,5 x 107 5 x 10-4 10-13 

5 x 107 - 4 x 106 2 x 102 

108 - 6 x 108 5 x 106 

2 x 108 - - 2 x 109 

BeJl.U'lUHbl, KOmOpbze peaAbHO He Morym 6b!illb nOJl.}"leHbl UJl.U He 

Morym 6hZmh U3MepeHbZ, ony~eHbl. 

Ha 10 % ITPH -yBeAHtieHHH TeMITeparypbl OT 0 K AO 700-900 K. 
Pa3y-MeeTc.SI, ITPH -yBeAHtieHHH TeMITeparypbI AO 3HaqeHHli, ITPH 

KOTOpbIX CTaHOBHTCH cyrn;ecTBeHHOll TepM03MHCCHSI, Mbl ITOAyqa

eM CMeCb AByx BHAOB 3MHCCHH, KOTopyIO, ecTeCTBeHHO, Ha3bIBa

IOT TepMoaBT03MHCCHeli. KaTOAhI Moryr pa6oTaTh B 3Toli o6AaCTH 

ITapaMeTpOB, HO OCHOBHbie ITpeHMylll,eCTBa aBT03MHCCHH ( OTCYT

CTBHe HaKaAa) H TepM03MHCCHH (MaAbie HaITpmKeHHH) B 3TOM 

cAyqae OTCYTCTBYIOT. 

3HepreTHqecKHli cITeKTp aBT03AeKTpoHoB H3 MeTaAAa y3oK, 

ITOAYIIIHpHHa pacITpeAeAeHHSI ITO ITOAHbIM 3HeprHHM ITPH TeMITe

parype 0 K cocTaBMeT BeAHqHHY ITOP.SIAKa 0, 1-0,2 3B, ITPH 300 K 

0,2-0,3 3B. 0T6op TOKa ITPH HH3KHX TeMITeparypax ITpHBOAHT 

K HarpeBaHHIO 3MHTTepa, TaK KaK yxoA.Silll,He 3AeKTpOHbl yttOC.SIT 

3HeprHIO B cpeAHeM MeHbIIIYIOr qeM 3HeprH.SI <DepMH, c B03pac

TaHHeM TeMITeparypbl HarpeB CMeH.SieTC.SI OXAaJKAeHHeM - 3cp

cpeKT MeH.SieT 3HaK, ITpOXOA.SI qepe3 «TeMITeparypy HHBepCHH», 

COOTBeTCTBYIOlll,YIO CHMMeTpHqHOMY OTHOCHTeAbHO ypoBH.SI <Dep

MH pacITpeAeAeHHIO BbIIIIeAIIIHX 3AeKTpOHOB ITO ITOAHbIM 3HeprH-

5IM (B 3KCITepHMeHTe Ha 3TOT 3cpcpeKT HaKAdAbIBdeTC.SI Nf(OyAeB 

pa3orpeB). Oco6eHHOCTH aBT03AeKTpOHHOH 3MHCCHH H3 IToAy

ITpoBOAHHKOB CB.SI3aHbI c ITPOHHKHOBeHHeM 3AeKTpHqecKoro ITO-
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MI B 3M.HTiep, MeHhllleH KOHu;eHTpau;neli 3AeKTPOHOB .H HaAll'IlleM 

IIOBepXHOCTHhIX COCTOHH.HH. Bee 3TO BAHHeT Ha IlOAOJKeHHe 3Hep

reTH'IeCK.HX 30H, KOHIJ;eHTpau;n10 HOC.HTeAeH 3apHAa .H .HX 3Hepre

TH'IeCKHH cneKTp. 

MaKC.HMaAhHhie IlAOTHOCT.H TOKa, KOTOphre MOryT 6hITh no

AyqeHhI B peJK.HMe aBT03M.HCC.H.H, orpaH.H'IeHhI pa3orpeBOM 3MHT

Tepa npoTeKa10ru;HM qepe3 Hero TOKOM n pa3pyureHneM 3MHTie

pa 3AeKTp.H'IeCKHM IlOAeM. 3aMeT.HM, 'ITO TaK.HM JKe pa3orpeBOM 

orpaHH'IeHa IlAOTHOCTh TOKa, OT6.HpaeMoro c noAynpoBOAH.HKO

BhIX TepMOKaTOAOB, HO BeAH'I.HHhI conpOTHBAeH.HH - .H, CAeAO

BaTeAhHO, npeAeAhHhie TOK.H - pa3AH'IaIOTC5l Ha MHOro nopHA

KOB. B peJKHMe aBT03MHCCH.H n0Ayqa10T TOKH nopHAKa 107 A/cM2 

(Ha noBepxHocTH 3MHTiepa) B cTau;ttoHapHOM H 109 A/cM
2 

B HM

nyAhcHOM peJK.HMax. ITpn nonhrTKe B cTau;ttoHapHOM peJKHMe no

A)"IHTh 60Ahlll.HH TOK 3M.HTiep pa3pyuraeTcH. B HMITYAhCHOM pe

JKHMe np.H IlOilhITKe yseAH'IllTh TOK 3M.HTiep Hd'I.HHaeT pa6oTaTh 

B .HHOM peJK.HMe, TaK Ha3bIBaeMOM «peJK.HMe B3phIBHOH 3M.HCC.HM» 

(CM. HHJKe). 

B Ka'IeCTBe MaTepllaAOB aBTOKaTOAOB np.HMeHHIOTCH qaru;e 

Bcero MeTdAAhl .HAll COeA.HHeH.HH c MeTaAAH'IeCK.HM THITOM npo

BOA.HMOCTH - KaK BB.HAY HH3KOro conpOT.HBAeH.HH, TdK H BB.HAY 

BhICOKOH npO'IHOCT.H. 0AHaKO B HeKOTOphIX CA)"IaHX B03MOJKHO 

.HCilOAh30BaH.He .H noAynpoBOAH.HKOB. f05J. HHX npeAeAhHaH 3M.HC

C.H5I MeHhIIIe, TOK B HeKOTOphIX CA)"IaHX 3aB.HCHT OT TeMnepaTYPhI 

.H OCBeru;eHHOCT.H, a 3HepreTH'IeCKOe pacnpeAeAeH.He 3MHT.Hpo

BdHHhIX 3AeKTpOHOB lll.Hpe .H3-3d npOH.HKHOBeH.HH ITO.MI B MaTe

pHaA 3MHTiepa. 

CHAhHaH 3aBHCHMOCTh aBT03MHCCHH OT pa6oThI BhIXOAa BAe

'IeT 3a co6oH: HecTa6ttAhHOCTh pa6oThI aBTOKaTOAa. Cttryau;ttH 

aHaAOr.H'IHa TOH, KOTopaH B03HHKaeT nptt 3KCITAyaTau;ttH TepMo

KaTOAa B peJKHMe HaChIIIJ;eHH5l, KOfAa c KaTOAd OT6ttpaeTC5I TOK 

Hachrru;eHHH, 3aBHCHru;HH_ OT pa6oThr BhIXOAa. Pa3H.Hu;a, OAHaKo, 

COCTOHT B TOM, 'ITO y TepMOKaTOAa B peJKHMe Hachlru;eHHH eCTh 

eru;e OAHa «pyqKa ynpaBAeHH5I» - TeMnepaTYPa. Yi MOJKHO KOM

neHCHpOBdTb BAllHHHe H3MeHeH.HH pa60ThI BhIXOAd Hd TOKOOT-

6op nocpeACTBOM ynpaBAeHHH TeMnepaTYPOH (qepe3 MOIIJ;HOCTh 
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15. ABT03neKTpOHHafl 3M11cc11fl 

HaKa.Aa). TaKHe cxeMhI peaAH30BaHhI, H OHH o6ecrreqHBaIOT He

o6XOAHMYIO CTa6H.l\hHOCTh TOKOOT6opa, 3aOAHO II03BOMI5I rroAy

qHTh MHHHMa.AhHYIO TeMrrepaTYPY KaTOAa I1 HaHBhlCIIIYIO 3KOHO

MI1qHOCTh. Y aBToKaTOAa HeT YA06HoH: AOIIOAHHTe.l\hHOH: «pyq

KH ynpaBAeHH5I» - ynpaBMITh BhlCOKHM HaIIp5I)KeHHeM CAO)KHO. 

B qacTHOCTH II03TOMY rrpo6AeMa CTa6H.l\hHOCTH pa6oThI AMI aB

ToKaTOAOB CTaHOBHTC5I ern;e 6oAee Ba)KHOH. 

Pa6oTa BhIXOAa rroBepxHOCTH 3aBHCHT KaK OT rrpor.:i;eccoB, 

rrpOHCXOA5{rn;Hx Ha IIOBepXHOCTH B BhlCOKOM BaKyyMe, TaK I1 OT 

Bllli5IHI15I HeAOCTaToqHO BhICOKOfO BaKYYMa. «C06CTBeHHbie» rrpo

r.:i;ecCbl - 3TO AHcpcpy3H5I, MHrpar.:i;HH, rrepecTpOttKa IIOBepXHOCTH. 

lfro KacaeTC5I AI1cpcpy3HI1, TO OHa BAH5IeT He CH.l\hHO, TaK KaK B Ka

qecTBe aBT03MHTTepoB rrpHMeH5IIOTC5I qarn;e BCero 3AeMeHThl -

W (Bo.l\hcppaM) H C (yrAepoA), a He coeAHHeHHH. Ho AaJKe ecAH 

rrpHMeH5IIOTC5I COeAHHeHH5I (LaB5) f TO HCIIap5IIOrn;HeC5I KOHrpy-

3HTHO I1 II03TOMY HMeIOrn;He CTa6H.l\hHhlll COCTaB IIOBepXHOCTH. 

TexHHKa TepMOKaTOAOB B 6opb6e 3a YMeHbllleHHe pa6oThI BhIXOAa 

IIOIIIAa ITO rryTH CAO)KHhlX COeAHHeHHll, II03TOMY poAb AH¢cpy3HI1 

B TepM03MHCCHH 3HaqHTeAhHO 60.1\hllle. KorAa B KaqecTBe aBTo-

3MHTTepoB rrpHMeH5IIOTC5I COeAHHeHH5I, AH¢cpy3H5I TO)Ke MO)KeT 

CKa3bIBaTbC5I Ha pa6oTe BhIXOAhl I1 3MHCCHI1. 

MHrpar.:i;H5I MO)KeT I13MeH5ITh AOKa.l\hHhlll COCTaB - eCAH Ha 

rroBepxHOCTH ecTh aTOMhI 6oAee qeM OAHOro copTa. Mttrpar.:i;HH 

MO)KeT 6bITh OAHHM I13 rrpor.:i;eccoB B XOAe rrepecTpOHKH IIOBepx

HOCTH c I13MeHeHHeM Ha6opa rpaHell, BhIXOA>Irn;HX Ha IIOBepx

HOCTh, H, CAeAOBaTeAbHO, pa6oThl BhIXOAa. BhICOKHe IIOMI, B KOTO

pwx pa6oTaeT aBTOKaTOA, crroco6cTBYIOT rrepecTpOHKe IIOBepXHO

CTH, a HarpeB rrpoTeKaIOrn;HM TOKOM ycKop5IeT MHrpar.:i;HIO (KaK I1 

Att¢cpy3HIO). ITepeCTpoH:Ka rroBepxHOCTH B rroAe rrpHMeH>IeTc>I 

H AMI yrrpaBAeHHH cpopMoH: aBT03MHTTepa. 

BAHHHHe HeAOCTaToqHo BhlCOKOfO BaKYYMa COCTOHT B TOM, 

qTo OCTaToqHhie ra3hl cop6HpyIOTC5I aBT03MHTTepoM, I13MeH5I5I 

ero pa6ory BhIXOAa. I1pHqeM Hatt6oAee qacTo rrpHMeH>IeMhIH Ma

TepHaA - BO.l\hcppaM - xopoIIIO cop6HpyeT ra3hl. 3TO IIOBAeK

AO 3a co6oH: MHoroqHCAeHHbie IIOIIhITKH rrpHMeHeHHH MeTaAAOB, 

He TaK xopoIIIo cop6ttpyiorn;ttx ra3hI, HarrpHMep, peHHH HAH ern;e 
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60.1\.ee rraCCHBHOro yrAepOAa, HMeIOrn;ero, K CO>Ka.l\.eHHIO, 60.1\.bIIIOe 

COIIpOTHB.l\.eHHe. CTpeAJ\.ara.l\.OCh, ecTeCTBeHHO, H IIOKphIBaTh Me

Ta.1\..1\. II.l\.eHKOM yrAepOAa. 

YMeHhIIIaTh cop6u;HIO ra3a Ha IIOBepxHOCTH MO>KHO IIOCT0-

5IHHhIM He6o.l\.bIIIHM HarpeBOM aBT03MHTTepa H.l\.H rrepHOAH'Ie

CKHM CH.l\.bHhIM HMIIY.l\.bCHhIM HarpeBOM AJ\.5I O'IHCTKH IIOBepxHO

CTH. B u;e.l\.OM COBpeMeHHhie aBTOKaTOAhl 06hI'IHO Tpe6YIQT AJ\.5I 
CTa6H:.l\.bHOM pa60Thl BaKyyMa Ha OAHH-TpH IIOPHAKa 60.1\.ee Bhl

COKOro, tieM TepMOKaTOAhl. 

BTopo:H IIOC.l\.e pa60Thl BhIXOAa rrapaMeTp, OT KOTOporo CH.l\.b

HO 3aBHCHT aBT03MHCCH5I - HaIIp5I>KeHHOCTh 3.1\.eKTpHtieCKOro no· 

.l\.H Ha 3MHTTepe. 0Ha, B CBOIO oqepeAh, 3aBHCHT OT cpeAHero 

IIO.l\.H B rrpH6ope (OTHOIIIeHHe BHeIIIHero HaIIp5I>Kemrn K Be.l\.HtIH

He 3a3opa) H reoMeTpHH 3MHrrepa, H6o AJ\.5I YBe.l\.HtieHHH rro.l\.H 

Ha 3MHTTepe rrpHMeHHIOTC5I, KaK rrpaBH.1\.0, «OCTphie» cpopMhl -

BhICTYIIhlr HHTH, OCTpH5I, .l\.e3BH5I, Topu;hI Tpy6oK H.l\.H HX CHCTe

MhI - IIY1JKH HHTeM, rraKeThl .l\.e3BHM, yrAepOAHhie HaHOTpy6KH 

H T. rr. AM oT6opa OTHOCHTe.l\.bHO 60.1\.bIIIHX TOKOB HCIIO.l\.b3YIQT 

MHOroocTpHMHhie CHCTeMhI, MHOr03MHTTepHhie CHCTeMhl Ha Kpa-

5IX II.l\.eHOK H cpo.l\.br HT. II. B 3aBHCHMOCTH OT pa3MepoB 3MHTTepoB 

H paccTOHHHH AO aHOAa HarrpH>KeHHe, 06ecrretIHBa10rn;ee Be.l\.H

'IHHY 3.1\.eKTpHtieCKOro IIO.l\.H, AOCTaTO'IHYIO AJ\.5I B03HHKHOBeHH5I 

aBT03.l\.eKTpOHHOM 3MHCCHH, MO>KeT COCTaB.l\.HTh OT COTeH BO.l\.bT 

AO HecKO.l\.bKHX AeCHTKOB KHAOBO.l\.bT. 

K.JuoqeBhlM BOIIpOCOM TeXHHKH aBT03MHTTepoB 5IB.l\.HeTC5I co-

3AaHHe H cTa6H.l\.H3au;ttH «OCTporo» pe.l\.becpa rroBepxHOCTH. Tex

HOAOrHtiecKH OCTphIM pe.l\.becp C03AaeTC5I qaw;e Bcero 3.1\.eKTpOXH

MH'leCKHM TpaB.l\.eHHeM, TaK KaK 'IHCTO MeXaHH'leCKH IIOAY1JHTh 

ocTpHe H.l\.H Ae3BHe c PdAHycoM B AeCHThie AO.l\.H MKM 3aTPYAHH

Te.l\.hHO. BTopo:H B03MO>KHhIM crroco6 - H3rOTOBAeHHe He «ocT

poro» o6'beKTa, a TOflKOro c rrocAeAYIQill;HM ero H3.l\.OMOM. HarrpH

Mep, THHYTCH HHTH H.l\.H IIY1JKH HHTeM, HX cpe3 H.l\.H C.l\.OM CTaHO

BHTC5I rpyrrrro:H ocTptt:H. M.l\.H 6epeTc5I TOHKaH cpo.l\.bra, a ee Topeu;, 

o6pa3YIQill;HMCH rrpH pa3pe3aHHH H.l\.H pa3pbIBaHHH, CTaHOBHTCH 

OCTphIM. I1cIIO.l\.b30BaHHe Topu;oB TOHKHX HHTeM B KatieCTBe aBT0-

3MHTTepoB corrpOBO)KAaeTCH HHTepecHhIM 3cpcpeKTOM: HHTH He-
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15. ABT03neKTpOHHafl 3M/llCC/llfl 

KOTOpbIX MaTepHaAOB (B qacTHOCTH, yrAepOAa) rrpH pa6oTe B Bbl

COKHX IIOA5IX pacrn;errA5IIOTC51, rrpeBparn;a51Cb B Ily<IOK ern;e 6oAee 

TOHKHX cy6-HHTeH. TpeTHH crroco6 IIOAy<IeHH51 «OCTporo» peAbe

cpa - 3TO HerrocpeACTBeHHOe Bbiparn;HBaHHe OCTpHH H3 rrapa 

ITO MeXaHH3MY rrap-)KHAKOCTb-KpHCTaAA, KOrAa Ha IIOAAO)KKe 

H3 KOHAeHCHpyIOrn;eroc51 rrapa paCTYT TOHKHe rreprreHAHKYMIP

Hbie IIOAAO)KKe OCTpH51. 4eTBepTbIH crroco6 - HaIIbIAeHHe qe

pe3 MacKy, IIpH KOTOpOM MO)KHO IIOAy<IHTb Ha IIOAAO)KKe OCTpbie 

KOHYCbI. lloMep)KaHHe «OCTpOTbl» peAbecpa BO BpeMH pa60Tb1 

51BMieTc51 Ba)KHOH rrpo6AeMoi1 aBToKaTOAOB. Ha peAbecp BAH51eT 

rrepeCTpOHKa IIOBepXHOCTH B IIOAe, ycKOp51IOIIl;a51C51 rrpH HarpeBe. 

llpHqeM HarpeB 6e3 IIOA5l Bbl3bIBaeT crAa)KHBaHHe, a B 60AbIIIHX 

IIOA5IX MO)KeT rrpoHCXOAHTb, HaIIpOTHB, «06ocTpeHHe». <DopMOH 

OCTpHH MO)KHO yrrpaBA5l.Tb, H TaKOH MeTOA AeHCTBHTeAbHO rrpH

MeH51eTC51 rrpaKTHqecKH. 

To, qTo B KaqecTBe 3MHTTepOB HCIIOAb3yIOTC51 He IIAOCKOCTH 

(KaK B TepMOKaTOAaX), a OCTpH51, HMeeT Ba)KHOe CAeACTBHe -

HerrapaAAeAbHOCTb TpaeKTOpHH 3AeKTpOHOB. 06AaCTb BbICOKoro 

IIOA5l, B KOTOpOM 3AeKTPOHbl rrpHo6peTaIOT OCHOBHYIO 3HeprHIO, 

Ae)KHT B6AH3H OCTpH51, H II03TOMY KOMIIOHeHTa CKOpOCTH, Ae)Ka

rn;a51 rrapaAAeAbHO IIAOCKOCTH 3MHTHpy10rn;ero 3AeKTPOAa H, CTa

AO 6bITb, rreprreHAHKYMIPHO cpeAHeMy IIOAIO, OKa3bIBaeTC51 BeAH

Ka H MO)KeT 6bITb Aa)Ke cpaBHHMa c rrpOAOAbHOH KOMIIOHeHTOH. 

llyqoK IIOAyqaeTC51 paCIIIHp51IOIIl;HMC51, BeepHbIM, a ecAH KaTOA 

MHOroocTpHHHbIH HAH MHoroAe3BHHHbIH, TO Ily<IOK IIOAyqaeTC51 

HeAaMHHapHbIH, c rrepeceKaIOrn;HMHC51 TpaeKTOpH51MH 3AeKTpO

HOB. ll03TOMY aBTOKaTOA HeAb351, KaK rrpaBHAO, rrpOCTO IIOCTaBHTb 

B rrpH6op, rrpeAHa3HaqeHHbIH AA5I HCIIOAb30BaHH51 c TepMOKaTO

AOM. 3To BepHo Aa)Ke AA5J KAaccHqecKHX HH3KoqacTOTHbIX 3AeK

TpOHHbIX AaMrr (AHOAOB, TpHOAOB, rreHTOAOB HT. A·L a TeM 6oAee 

AA5I CB4-rrpH6opoB, KOTOpb1e rroqTH Bee pa6oTaIOT co ccpoKycH

poBaHHbIMH, orrpeAeAeHHbIM o6pa30M ccpopMHpOBaHHbIMH, qarn;e 

Bcero rrpOT5I)KeHHbIMH H qacTO - AaMHHapHbIMH 3AeKTpOHHbI

MH rryqKaMH. ~ HCIIOAb30BaHH51 aBTOKaTOAa HaAO, KaK rrpaBH

AO, crreu;HaAbHO pa3pa6aTbIBaTb rrpH6op, H OH 6yAeT OTAHqaTbC51 

OT rrpH6opa, paccqHTaHHoro Ha pa6ory c TepMOKaTOAOM. ToAbKO 
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B AaMne c napaAAeAbHhIMll li 6AH3KllMll aHOAOM ll KaTOAOM (ll ceT

KaMH) TepMoKaTOA ll MHOfOOCTpllMHhIM aBTOKaTOA 6yAyr pa6o

TaTh npHMepHO OAHHaKOBO. 

/:vs!. cyJKeHH.sI nyqKa MOJKHO nonpo6oBaTh opraHH30BaTh Ha 

noBepXHOCTll OAHOOCTpHMHOfO aBTOKaTOAa «3MllCCHOHHhIM pe

Abecp» - TO eCTh HeOAHOpOAHOCTh pa60Thl BhIXOAa (aHaAOfllqHoe 

perneHHe npttMeH.sieTC.51 ll B TepMOKaTOAaX). 3MHCCHOHHhIM pe

Abecp B aBTOKaTOAaX MOJKeT o6pa30BhIBaThC.5I 3a cqeT AByx npo

u;eccoB. Bo-nepBhIX, 3a cqeT orpaHKH noBepxHOCTM. OcTptte OKa-

3hIBaeTc.sI COCTO.sIUJ;MM ll3 pa3HhIX KpHCTaAAorpacpnqecKHX rpa

HeM, M pa3Hhie rpaHM no pa3HOMY 3MHTHPJIOT. Bo-BTOphlx, 3a cqeT 

H36ttpaTeAbHOM cop6u;ttn. HanpttMep, u;npKOHHM cop6ttpyeTc.sI no 

pa3HOMY Ha pa3HhIX yqacTKax (rpaH.sIX) BOAbcppaMOBOfO OCTpll.51, 

H36ttpaTeAbHO noHHJKa.sI pa6ory BhIXOAa. B u;eAoM YAaeTc.sI YMeHh

IIIHTh yroA paCXOJKAeHH.51 nyqKa, AA.sI o6hiqHhIX aBTOKaTOAOB co

CTdBA.sIIOUJ;MM OT 60° AO 100°, AO npHMepno 10°. 
TIO BeAHqMHe IIAOTHOCTll TOKa npM MaAbIX pa3Mepax MCTOq

HHKa (3AeKTpOHHa.sI .sipKOCTh, ToqeqHOCTh llCToqm-i:Ka) aBT03AeK

TpOHHhie KaTOAhI He HMeIOT paBHhlX, M B o6AaCT.sIX, fAe HMeH

HO 3Tll napaMeTpbI HMeIOT 3HaqeHHe, npMMeHeHHe aBTOKaTOAOB 

n03BOAllAO nOAJ'IMTh KaqecTBeHHO HOBbie napaMeTpbI nptt6opoB. 

Oco6eHHO BaJKHhlM oKa3aAOCh npHMeHeHHe aBTOKaTOAOB B 3AeK

TpOHHOM MHKpOCKOnllll npeAeAbHOfO pa3perneHH.5I ll B 3AeKTpOH

HO-Ay<IeBOM TexuoAortttt. ITepcneKTMBHO, no-BHAMMOMy, npHMe

HeHMe TaKnx KaTOAOB B HeKoTophIX BMAax AMCnAeeB M APyrMx 

3.1\.eKTpOHHhIX npH60pOB - 3.1\.eKTpOHHO-Ay<IeBhlX aHaAH3dTOpOB, 

MOHM3dTOpOB, ycKOpHTeAeM. 

CBo:HcTBa aBToKaTOAOB HMeIOT MHTepecHhie cAeACTBH.sI AA.sJ 
npH6opoB Cff4. HanpHMep, MaAora6apHTHOCTh no3BOA.sieT nptt

MeH.HTh MX B CBl.J-npH6opax caMhIX BhlCOKMX qacToT, a BhICO

Ka.sI KPJ'TM3Ha 3aBMCMMOCTM TOKa OT uanp.sIJKeHM.51 - nOAJ'IMTh 

npH CMHYCOMAaAbHOM Hailp.sIJKeHMM KOpOTKMe MOHOXpOMaTMqe

CKMe crycTKM 3AeKTpOHOB, 3MHTMpyeMbie B o6AaCTM MaKCMMyMa 

Hanp.sIJKeHM.51. 0AHdKO noKa MMeIOTC.51 Allillh OTAeAbHhie nonhITKM 

npHMeHeHM.sI B HMX aBTOKaTOAOB, ToqHee - pa3pa6oTKM CBl.J

npH6opoB c aBTOKaTOAdMH. 
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15. AaroaneKTpOHHaR 3Mt1CCt1R 

Bo MHOrHX CA yqa5IX rrpHMeHeHHll aBTOKaTOAOB BaJKHhl He TOAh

KO (HAH He CTOAhKO) 3HaqeHH5I IIAOTHOCTH TOKOB H 3AeKTpOHHOll 

5IpKOCTH, CKOAhKO IIOAHhlll TOK. /'v.Ji OAHOOCTpHMHOro KaTOAa OH 

AOBOAhHO CKpOMeH, HeCMOTp5I Ha 60AbIIIYIO IIAOTHOCTh TOKa -

BeAh Bee 3TH 107 -109 A/cM2 OT6HpaIOTOI c cy6MHKpOHHOll IIAO

IIJ;MH. f'v.5i HaIIp5I.1KeHHH rrop5IAKa 1-10-100 KB, ecAH MhI XOTHM 

pa6oTaTh B CTaIJ;HOHapHOM pe.IKHMe H OT6HpaTh AaJKe TOK rrpe

AeAhHOM IIAOTHOCTH 107 A /cM2 , TOK OAirnoqHoro ocTpH5I cocTaBHT 

10-3-10- 1-10 A. B TO BpeM5I KaK H AA5I HH3KOqacTOTHOll AaMIIhl, 

H AA5I CBL£-rrpH6opa 06b1qHb1e 3HaqeHH5I TOKa rrpH 3THX Harrp5I

JKeHH5IX 6yAyT B AeC5ITKH H coTHH pa3 60Ab11Ie. ITo3TOMY AA5I 
KOHKypeHIJ;HH c TepMOKaTOAaMH B rrpH6opax 3THX KAaCCOB aBTO

KaTOAhl AOA.IKHhl 6hITh MHOrOOCTpHHHhIMH. L£HCAO OCTpH:ll AOA.IKHO 

6hITh AeC5ITKH Th1c51q c yqeTOM Toro, qTo B o6AaCTH rrpeAeAhHhIX 

rrAOTHOcTeH: ToKa pa6oTa BCerAa HecTa6HAhHa. B HMrryAhcHoM pe

.IKHMe cHryau;H5I aHaAOrHqHa, XOT5I OTHOIIIeHHe TpaAHIJ;HOHHhIX 

TOKOB rrpH6opOB K rrpeAeAhHhIM TOKaM aBTOKaTOAOB HeCKOAhKO 

MeHhllle. 

ITpH 3TOM HATH rro IlyTH yBeAHqeHH5I Harrp5I.1KeHHH HeAh-

351; TeXHHKa, «IIpHBhIKIIIa5I>> pa6oTaTh c 3AeKTpOHHhlMH AaMrraMH 

rrpH Harrp5I.1KeHHH rrop5IAKa 1 KB (06h1qHhie) - 10 KB (MOIIJ;Hhie) 

H CBL£-rrptt6opaMH rrpH 10 KB (06h1qHh1e) - 100 KB (MOIIJ;Hh1e) -

300 KB (cBepxMOIIJ;Hhie) He corAaCHTC5l Ha rrptt6ophr - AaJKe 

oqeHh xopOIIIHe - c pa6oqHM Harrp5I.1KeHHeM B MeraBOAhThl, H6o 

3TO 6yAeT 03HaqaTh rrepeAeAKy Bcex ycTpOllCTB, rAe CT05IT 3TH 

rrptt6ophI. I1Hoe AeAo - cttryau;HH c HeKAaccttqecKHMH rrpH6o

paMH, KOrAa BCe AeAaeTC5I 3aHOBO H HyJKeH «TOK AI06oH: u;eHOll». 

TaKoil rrpH6op (cBepXMOIIJ;HhIH HMilYAhCHhIH re_HepaTop 3AeKTpo

HOB) MO)i(eT HMeTh pa6oqee Harrp5I.1KeHHe H B MeraBOAhThl, H60 

rrpH6op 3TOro KAacca C03AaeTC5I 3aHOBO, KOHKypeHTOB y Hero 

HeT, H cpaBHHBaTh ero He c qeM. 

MHoroocTpHHHhJe aBTOKaTOAhI II03BOA5IIOT yBeAHqHTh TOK H 

AOBeCTH ero AO 3HaqeHHll, 06h1qHhIX AA5I 3AeKTpOBdKyyMHOR TeX

HHKH. ITpH 3TOM rrpeHMym;ecTBO - OTCyTCTBHe u;errH HaKaAa 

H MrHoBeHHa5I roTOBHOCTh K pa6oTe - coxpaH5IIOTC5I. Tpe6o

BaHHe 6oAee BhICOKoro BaKyyMa MO.IKHO cqHTaTh HerrpHHIJ;HIIH-
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rnasa 8. Cep11.1..4e 3JTeKTpOHHoro np116opa 

a.AbHhlM, H60 TeXHO.l\.OfH51 IIOAY'JeHH51 BaKyyMa Bee BpeM51 yco

BepIIIeHCTByeTC51. TepMoKaTOAhI AOITycKaIOT HH3KOBO.l\.hTHoe H.l\.H 

ceTO'·IHOe yrrpaB.l\.eHHe - pa3Mern;eHHa51 HaA KaTOAOM ceTKa IT03-

B0.1\.51eT yrrpaB.1\.51Th 3MHCCHett ITOCpeACTBOM ITPH.l\.O/KeHH51 OTHO

CHTe.l\.hHO Ma.l\.OfO - AeC51TKH BO.l\.hT - HaITp51/KeHH51. 3TOT CITO

co6 yrrpaB.l\.eHH51 ITpHMeH51eTC51 B HH3KoqacTOTHhIX 3.1\.eKTpOHHhIX 

AaMITax H B HeKOTOphrx CB"4-ITpH6opax. HaA MHoroocTpHttHhIM 

aBTOKaTOAOM MO/KHO pacIT0.1\.0/KHTh ceTKy, COr.l\.aCOBaB OTBepcTH51 

B Hett c OCTpH51MH, HO HaITp51/KeHHe Ha Hett, He06XOAHMOe A./\.51 

yrrpaBAeHH51 3MHCCHett, 6yAeT CAHIIIKOM Be.l\.HKO. AM ITOAY'JeHH51 

ITpHeMAeMoro HaITp51/KeHH51 (XOT51 6bI B COTHH BO.l\.hT) 3a3op Me/K

AY BepIIIHHaMH ocTpHtt H ceTKOtt AO.l\./KeH cocTaBMTh eAHHHQhl 

MHKpOH. 

TaKott KaTOA 6hIA H3rOTOBAeH MeTOAaMH MHKp03AeKTpoHH

KH, XOT51 H ITpeAHa3HaqaAc51 A./\.51 BaKYYMHOtt TeXHHKH. Ha ITpo

BOA51rn;ett ITOAJ\.O/KKe c ITOMOIIJ;hIO ITOC.l\.eAOBaTe.l\.hHhIX HaIThI.l\.eHHH, 

TpaB.l\.eHHtt qepe3 C.l\.Ott cpoTope3HCTa H OKHC.l\.eHHtt cpopMHpo

Ba.l\.aCh CAeAyIOrn;a51 CTPYKTYPa: C.l\.Ott H30.1\.51Topa TOAIIJ;HHOtt ITO

P51AKa MHKpoHa c OTBepcTH51MH AHaMeTpoM ITOP51AKa MHKpoHa, 

pacITO.l\.O/KeHHhIMH c IIIaroM B HeCKO.l\.hKO MHKpOH H AOXOA51IIJ;HMH 

AO ITpOBOA51rn;ett ITOAJ\.O/KKH, TOHKHtt C.l\.OH ITpOBOAHHKa, ITOKpbI

BaIOrn;Htt 3TOT H30.1\.51TOp (H He 3aKpbIBaIOrn;Htt OTBepCTH51 B HeM), 

a Ha AHe Ka/KAOfO OTBepCTH51 - TO eCTh Ha ITOAJ\.O/KKe - ITpo

BOA51IIJ;Htt KOHyc, AOXOA51IIJ;Htt ITO BhICOTe AO ypOBH51 MeTa.1\..1\.Hqe

CKOfO C./\.051 Ha H30.1\.51Tope. To ecTh o6pa30BhIBaAach peIIIeTKa KO

AOAQeB c aBT03MHTTepoM (KoHycoM) Ha AHe, AOXOA5J:IIJ;HM AO ero 

Kpa51 H c ITpOBOA51IIJ;HM ITOKphITHeM Ha KpaIO Ka/KAOfO KO.l\.OAQa, TO 

ecTh yrrpaBMIOrn;ett ceTKoH. C TaKHX CTPYKTYP 6hI.l\.H ITOAY'JeHhI 

cpeAHHe ITO IT.l\.OIIJ;aAH TOKH AO 100 A/cM
2

' a ITPH cpeAHHX TO

Kax B eAHHHQhl A/cM2 6hI.l\.H ITOAY'JeHhl 3HaqeHH51 cpoKa C.l\.y/K6hI 

B AeC51TKH Thlc51q qacoa. YITpaBMIOrn;ee HaITp51/KeHHe Ha «ceTKe» 

COCTaB./\.51./\.0 ITPH 3TOM OKO.(\.O 200 B. TaKOtt KaTOA BITO.l\.He COIIO

CTaBHM ITO CBOHM ITapaMeTpaM c TepMOKaTOAaMH, ITPH 3TOM OH 

He tty/KAaeTC51 B HaKaAe, HO HMeeT 60./\.hIIIHe ITOITepeqHhie CKOpo

CTH 3.1\.eKTpOHOB. KaTOAhI 3Toro THITa pa3pa6aThIBaIOTC51 BeChMa 

aKTHBHO, BapbHpyeTC51 reoMeTpH51 H MaTepHa.l\.hl, B qacTHOCTH, ca-
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16. <POT03neKTpOHHaR 3M/.1CC/.1R 

MM KOHYChI-3MMTTephI AeAaIOTCH H3 pa3HhIX MeTaAAOB, M3 KpeM

HMH, M3 aAMa3a. 

~ITO rrpOM30HAeT rrpM IIOITbITKe IIOAy<IMTb O'!eHb 60AblllOH 

TOK c dBT03AeKTpOHHOro KaTOAa, ITOAHMMd51 see Bblllle M BbI

IIIe HaITpHJKeHMe? TipM 3TOM TdKMe KdTOAbI rrepexOA51T B peJKMM 

B3pbIBHOH 3MMCCMM. BHeIIIHe 3TOT ITepexoA He O'!eHb 3aMeTeH, 

IT03TOMY pa3AM'IdTb 3TM ABa BMAa 3MMCCMM CTaAM II03JKe, 'IeM 

MCITOAb30BdTb. TipM B3pbIBHOH 3MHCCMM aBT03AeKTpOHHbIH TOK 

HarpesaeT 3MMTTep, c Hero 3a HeCKOAbKO eAMHMu; MAM AeCHT

KOB HdHOCeKYHA MCITap51eTC51 'IdCTb MaTepMaAa, rrapbl 'IdCTM'IHO 

HOHM3MPYIOTC51, a TOKOOT6op rrpOMCXOAHT c ITOBepXHOCTM CTpe

MMTeAbHO paCIIIMpHIOrn;erocH (co CKOpOCTblO ~ 104 
M/ c) o6AaKa 

IIAa3MhI (aTOMOB, MOHOB M 3AeKTpoHoB). KorAa 3TO o6AaKo AOAeTa

eT AO ITPOTHBOITOAOJKHOro 3AeKTPOAa, OHO 3dMbIKaeT 3d30p - 3TO 

M Hd3hIBaeTC51 BdKYYMHbIM ITpo6oeM. Ho ecAM K 3TOMY MOMeHry 

c rrpM6opa CHHTO HaITpHJKeHHe, TO HM'!ero CTpaIIIHOro He CAy

'IMTC51. CpoK cAyJK6bI KaTOAa co B3pbIBHOH 3MMCCMeH: orpaHM'!eH 

H3MeHeHMeM ¢opMbI 3MMTTepa B pe3yAbTaTe McrrapeHM51 - rrpM 

3TOM ITOAe Ha ITosepxHOCTH MOJKeT YMeHbIIIMTCH TaK, 'ITO 3MMc

CHH He 6yAeT B03HHKaTb. TiorrhITKaM YMeHhIIIMTh AMIIIHee HCITa

peHHe H ITOA06paTh ¢opMy caMoro 3MHTTepa ITOCBHIIJ;eHO MHoro 

pa60T, H BOT rrpMMep xopOIIIMX rrapaMeTpOB: ITPM TOKOOT6ope 10 
kA!cM2 M ITOAHOM TOKe 5 kA KdTOA He MeHHA CBOMX rrapaMeTpOB 

B TetieHMe ITO KpaH:HeH Mepe B Te'!eHMe 108 MMITYAbCOB. TipaBAa 

HMITYAbCbl 6bIAM KOpOTKHe - ITO 20 HC. 

16. Cl>OT03neKTpOHHaSI 3MMCCMSI 

<l>oT03AeKTpOHHa51 3MHCCM51 MAM BHeIIIHMH cpOT03cpcpeKT -

3TO MCITYCKaHMe 3AeKTpOHOB TBepAbIMM TeAaMM M JKMAKOCTHMM 

IIOAAeHCTBHeM 3AeKTpoMarHMTHoro H3Ay<IeHHH (cpoToHoB). TipaK

TH'IecKoe 3HatieHHe MMeIOT 3MHCCM51 M3 TBepAbIX TeA (MeTa)\_)\_OB, 

IToAyrrpoBOAHMKOB, AM3AeKTpHKOB) B BaKYYM M ra3hI. OcHOBHbie 

3dKOHOMepHOCTM cpOT03AeKTpOHHOH 3MMCCMM TaKOBbI: 

1) KOAM'IeCTBO McrrycKaeMbIX 3AeKTpOHOB rrpoITopu;MOHaAbHO MH -

TeHCMBHOCTM M3A yqeHMH; 

203 



rnasa 8. Cep/1,u,e aneKTpOHHoro np116opa 

2) AJ\51 KaJKAoro Beru;ecTBa cyru;ecTByeT rropor - MHHHMaAb

Ha51 qacTOTa (HAM MaKCHMaAbHa51 AJUIHa BOAHhI) H3AytieHH51, 

3a KOTOpoH: 3MHCCH51 He B03HHKaeT; 

3) MaKCHMaAbHa51 KHHeTHl!eCKa51 3HeprH51 cpOT03AeKTpOHOB AM

HellHO B03pacTaeT c qacTOTOll H3AytieHH51 H He 3aBHCHT OT ero 

HHTeHCHBHOCTH. 

<!>OT03AeKTpOHHa51 3MHCCH51 B03HHKaeT B pe3yAhTaTe rrorAO

ru;eHH51 cpoToHa 3AeKTpOHOM (c rrepeAaqeH: HMrryAhca HoHy), rrepe

Meru;eHH51 3AeKTpOHa c BhICOKOll 3HeprHell K IIOBepXHOCTH (rrpH 

3TOM 3AeKTpOH MOJKeT IIOTep51Th qaCTh 3HeprHH) H BhIXOAa 3AeK

TpOHa H3 TeAa. <!>oT03MHCCH51 MOJKeT HMeTh MeCTO, ecAH 3HeprH51 

cpOTOHa 60AbIIIe pa60Thl BhlXOAa, KOTOpa51 N\51 l!HCThIX IIOBepx -

HOCTell MeTaMOB > 2 3B, a N\51 60AhIIIHHCTBa MeTaMOB > 3 3B, 

IT03TOMY cpoT03MHCCH51 Ha6AIOAaeTc51 B BHAHMOH H YAhTpacpHo

AeTOBoli (AJ\51 ru;eAOl!HhlX MeTaAAOB H 6apH51) HAM TOAhKO B yAh

TpacpHOAeTOBOll (AJ\51 rrpol!HX MeTaMOB) qacrnx crreKTpa. B6AM3H 

rpaHHl!HOll qacTOThI { «KpacHa51 rpamrn;a cpOT03cpcpeKTa») KBaHTO

Bhlll BhIXOA COCTaBA51eT IIOP51AKa 10-4 3AeKTpOH/cpoTOH. 3TO -

CAeACTBHe CHAhHOro OTpaJKeHH51 MeTaAAaMH H3AytieHH51 H IIOTepb 

3HeprHH 3AeKTpOHaMH rrpH ABHJKeHHH K IIOBepXHOCTH (Ha B03-

6yJKAeHHe KOAe6aHHll B 3AeKTpOHHOM ra3e). 3Heprmo coxpaH51-

IOT TOAhKO Te cpOT03AeKTp0Hhl, KOTOphle o6pa30BaAHCh B6AH3H 

IIOBepXHOCTH Ha rAy6HHe, He rrpeBhIIIIaIOru;eH: HeCKOAhKO HaHO

MeTpOB. c JEeAM'IeHHeM 3HeprHH cpOTOHOB KBaHTOBhlll BhIXOA 

B03pacTaeT, rrpH 3HeprHH 12 3B OH COCTaBA51eT N\51 MeTaAAOB se

AM'IHHY IIOP51AKa 10-3 , rrpH 15 3B - 10-2 • 

<!>OT03MHCCll51 'IJBCTBHTeAbHO K COCT051HHIO IIOBepxHOCTH, 

ecAH 3arp513HeHH51 CHHJKaIOT pa6ory BhIXOAa, TO KBaHTOBhlll Bhl

XOA B03pacTaeT. CHAhHOro JEeAH11eHH5I KBaHTOBoro BhIXOAa H 

CABHra rropora cpOT03MllCCllll B BllAllMJIO o6AaCTh crreKTpa AO

CTllraIOT ITOKphITlleM IIOBepXHOCTll MeTaAAa MOHOaTOMHhIM CAOeM 

3AeKTponoAOJKHTeAhHhIX a.ToMoB Cs (~e3H51) HAM Rb (py6HAirn), 

o6pa3Jl0ill;HX AHITOAhHhIH cAoH:. HarrpHMep, Cs CHHJKaeT pa6ory 

BhIXOAa N\51 60AbIIIHHCTBa MeTaAAOB AO 1,4-1,7 3B. 

<!>OT03MHCCH51 H3 IIOAyrrpOBOAHHKOB H AH3AeKTpHKOB orrpe

AeA51eTC51 CHAhHhlM rrorAoru;eHHeM 3AeKTPOMarHHTHoro H3Ayqe-
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16. <PoroaneKTpOHH8fl 3MJ1CCJ1fl 

HH..51, Haq11.Ha.H c 3Hepr11.:i1 cpOTOHOB, paBHbIX lllH.pH.He 3a11pern;eH

HOH 30Hbl. B 3TOM CAyqae IIOrAorn;eHH..51 IIOKa3aTeAb COCTaBA.HeT 

104-105 CM- 1. EcAH. IIpOBOAH.MOCTb He CAH.llIKOM BeAH.Ka, TO 110-

Tep11. 3Hepr11.11. 3AeKTpOHaMH. 11poH.CXOA.51T He Ha 3AeKTpOHax 11po

BOAH.MOCTH., a Ha 3AeKTpOHax BaAeHTHOH 30Hbl (yAapHa.51 H.OHH.3a

D;H..51) H.AH. TeIIAOBbIX KOAe6aHH..5IX pellleTKH.. EcAH. pa6oTa BbIXOAa 

6oAee qeM BABOe 11peBOCXOAH.T lllH.pH.HY 3a11pern;eHHOH 30Hbl, KaK 

B Si (KpeMHH.11.), Ge (repMaH1111). GaAs, TO KBaHT c :rnepr11e:i1, 6oAh

me:i1 pa60Tbl BbIXOAa, 11opo>KA,aeT 3AeKTpOHHO-AbipoqHyIO 11apy, 

IIOTepH. 3Hepr1111. B03pacTaIOT, a KBaHTOBbIH BbIXOA IldAaeT. B 3Tl1X 

MaTep11.a.Aax B6AH.3l1 11opora KBaHTOBbIH BbIXOA COCTaBA.HeT 10-5 

3AeKTpOH/cpOTOH 11. Aa:>Ke Ha OTHOCHTeAbHO 60AbllIOM paCCT0.51-

Hl1l1 OT rropora (1 3B) He 11peBbilllaeT 10-4 3AeKTpoH/cpoToH. EcAH. 

pa6oTa BbIXOAa MeHbllle lllI1pH.Hbl 3a11pern;eHHOH 30Hbl, TO cpOT0-

3AeKTpOHbl Tep.HIOT 3Hepr1110 rrp11 po:>KAeHHH orrT11qecK11x cpono

HOB l1 cpoT03AeKTpOHbl Tep.HIOT 3Heprtt:IO Ha AAH.He rrpo6era Bcero 

10-30 HM. B KpHCT<V'L'lax rn;e.JID'IHO-raAOHAHbIX coeAHHeH11i1 AAJ1Ha 

rrpo6era 60Ahllle 50-100 HM, II03TOMY KBaHTOBbIH BblXOA TaKHX 

KpHCTaAAOB pe3KO B03pacTaeT OT caMoro 11opora cpOT03MHCCHH 

H AOCTHraeT 60AblllHX 3HaqeHtt::i1. TaK, B CsJ rrpH 3Hepr1111 KBaHTa 

7 3B (Ha paCCT0.51Hl1H 0,6 3B OT 11opora), KBaHTOBbIH BbIXOA - 0, 1 
3AeKTpOH/ cpOTOH. AAfi 60AblllH.HCTBa TeXHHqecKHX IIpHMeHeHHH 

Ba:>KHbl MaTepH.aAbl, o6AaAaIOrn;He BbICOKH.M KBaHTOBblM BbIXOAOM 

AA.51 BHAH.MOro 11. 6AH.:>KHero 11.HcppaKpacHoro H3A)7'IeHHH, OHH pac

CMOTpeHbl HH:>Ke. 

<DoT03MH.CCH.5111IH.pOKO l1CIIOAb3yeTC.51 AA.51 HCCAeAOBaHH.51 3Hep

re-f11qecKOH CTPYKTYPhI Bern;ecTB, AA.51 x11M11.qecKoro aHaAH.3a ( cpo

T03AeKTpOHHa5I CIIeKTpOCKOIIH5I), B H.3MepHTeAbHOH a1111apary

pe, B 3BYKOBOCIIpOH.3BOA.Hrn;e:i1 KHHOa1111apaTYPe l1 B 11p116opax 

aBTOMaTH.KH (cpoT03AeMeHTbI, cpoT03AeKTpOHHbie yMHO:>KHTeAH.), 

B 11epeAaIOrn;HX TeAeBH.3HOHHbIX Tpy6Kax (cYIIepHKOHOCKOII, cy

rrepopTHKOH), B HHcppaKpacHOH TeXHHKe (3AeKTpOHHO OIITH'Ie

CKHH rrpeo6pa3oBaTeAb) 11. APyrHx rrp116opax, 11peAHa3HaqeHHbIX 

AA.51 per11cTpau;1111 H3AyqeHHH peHTreHOBCKoro, YAbTpacpHoAeTo

Boro, BHAHMoro H 6AH.:>KHero 11.HcppaKpacHoro AH.a11a30HOB AAH.H 

BOAH. PoAb 3THX rrpH.MeHeHHH H rrp11.6opoB BeAH.Ka IIOTOMy, qTo 
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rnasa 8. CepJJ.L.Je 311eKrpoHHoro npM6opa 

cyrn;ecTBeHHYJO qaCTh HHcpOpMalJ;I·Hi 06 OKpy:)l<aIO~eM Mttpe qe

AOBeK IIOAyqaeT rrocpeACTBOM 3peHH5I. 

OcHOBHOH napaMeTp cpoToKaTOAOB - :no crreKTpaAbHa5I qys

CTBHTeAhHOCTh, TO ecTh OTHOIIleHHe KOAH:qecTBa IIaAaIO~ero Ha 

KaTOA H3AyqeHH5I c orrpeAeAeHHOH AAH:HOH BOAHhl K 3MHTttpy

eMOMY HM TOKy. qyscTBHTeAbHOCTh cpOTOKaTOAOB rrpHH5ITO xa

paKTepH30BaTh TpeM5I pa3AH:qHhIMH crroco6aMH. ITepBhIH - 3TO 

OTHOIIleHH:e TOKa 3MHCCHH K MO~HOCTH IIaAaIO~ero Ha KaTOA CBe

TOBOfO H3AyqeHH5I Ha TOH HAH HHOH AAHHe BOAHhl, eAHHmi;a -

A/BT (rrpaKTHqecKH MKA!BT). BTopo:ll, MeHee pacrrpocTpaHeH

HhIH crroco6 - 3TO TO JKe OTHOIIleHH:e, HO MO~HOCTh OIITH:qe

CKOfO H3AyqeHH5I H3Mep5IeTC5I He B BT, a B OIITH:qecKHX eAHHH

IJ;aX CBeTOBOro II OTO Ka, AIOMeHax, TO eCTh eAHHHIJ;eH qyscTBH -

TeAbHOCTH 6yAeT MKA! AM. 0AHaKO eAH:HHIJ;a AIOMeH OCHOBaHa 

Ha crreKTpaAbHOH xapaKTepH:CTH:Ke qyscTBH:TeAbHOCTH qeAOBeqe

CKOfO rAa3a («KpHBOH BHAHOCTH»), H II03TOMY TaK MOJKHO xapaK

TepH30BaTh qyscTBHTeAhHOCTh cpoTOKaTOAOB TOAhKO AA5I BHAHMOH 

qacTH crreKTpa. KpoMe Toro, pa3 TaKa5I qyscTBHTeAhHOCTh He 5IB

A5IeTC5l crreKTpaAbHOH, TO OHa orrpeAeAH:Ma OAH03HaqHo TOAhKO 

B TOM CAyqae, ecAH: orosopeHO, KaKOH H:MeHHO HCToqHHK CBeTa 

(To eCTh c KaKOH crreKTpaAbHOH xapaKTepHCTHKOH H3AyqeHH5I) 

HCIIOAh3YeTC5I. YcAOBHAHCh, qTo rrpH H3MepeHH5IX AOAJKHa HC

IIOAh30BaTbC5I AaMrra HaKaAH:BaHH5I c BOAbcppaMOBOH HHThlO IIpH 

u;seToso:ll TeMrrepaTYPe 2600 ° C. HaKoHeu;, TpeTHH MeTOA orrpeAe

AeHH5I qysCTBHTeAbHOCTH - 3TO KBaHTOBhIH BhIXOA, OTHOIIleHH:e 

qH:cAa 3MHTHpOBaHHhIX 3A€KTpOHOB K qH:cAy yrraBIIlHX Ha KaTOA 

KBaHTOB. 3Ta xapaKTepHCTHKa, KaK H rrepBa5I, crreKTpaAbHa5I. 

qyscTBHTeAhHOCTh B A/BT H KBaHTOBhIH BhIXOA rrporrop

IJ;HOHaAhHhI, HO K03cpcpHIJ;HeHT rrporropIJ;HOHaAhHOCTH 3aBHCHT 

OT AAH:Hhl BOAHhl, TaK KaK 3HeprH5I KBaHTa 3aBHCHT OT AAH:Hhl 

BOAHhI. KBaHTOBhIH Bhl~OA 100 % COOTB€TCTByeT AA5I 200, 400, 
600, 800 H 1000 MMK COOTBeTCTB€HHO qyscTBH:TeAbHOCT5IM 160, 
320, 470, 620, 800 MA/BT. 

KaJKAbIH cpOTOKaTOA HMeeT CBOIO crreKTpaAbHYJO xapaKTeptt

CTHKy. qyscTBHTeAhHOCTh He pasHa HYAIO B pa6oqeM AHarra3oHe 

AAHH BOAR H y6hrnaeT IIO ero Kpa5IM. fpaHHIJ;a co CTOpOHhl 6oAb-
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16. ct>oro3neKTpOHH8R 3M/llCC/llR 

nrn:x AJlliH BOJ\H HOCHT rrpHHD;llIIllaAhHhIH xapaKTep H Ha3bIBa

eTCH KpacHoH: rpaHHu;eM: cpoTo3cpcpeKTa. KaK cpoT03MHCCHH, TaK 

H TepM03MHCCHH ecTh y .l\.l06oro Beiu;ecTBa. ITpH pa6oTe c Ma

.1\hIMH OCBeiu;eHHOCTHMH HMeeT 3HaqeHHe cpOHOBhIH CHrHa.A - TO 

eCTh TOK, KOTOphIH rrpoTeKaeT qepe3 rrpH6op rrpH ITOJ\HOM OT

CYTCTBHH OCBeiu;eHHH .. 0AHH H3 KOMITOHeHTOB 3TOro cpOHOBOrO 

CHrHa.Aa - TOK TepM03MHCCHH cpOTOKaTOAa. IT03T.OMY y MaTepH

a.AOB, HCI10.l\h3yeMhIX KaK cpoTOKaTOAhI, TepM03MHCCHH AOAJKHa 

6bITh KaK MO)KHO MeHhllle. 

ITo cyiu;ecTBY cpoToKaTOA HBAfleTCH KaTOAOM c 3MHCCHeH: ro

pHqHx 3Jl.eKTpOHOB (XOTH ero 06hlqHo TaK He Ha3bIBaIOT), 11:60 

3HeprHH, He06XOAHMaH AAfI 3MHCCHH, coo6iu;aeTCH 3Jl.eKTpOHY cpo

TOHOM, H 3TOT 3Jl.eKTpOH He HaXOAlfTCH B TeITAOBOM paBHOBeCHH 

c pellleTKOH:. ITo3TOMY cpoT03MHCCHH cpoToKaTOAOB H nx Tep

M03MHCCHH orrpeAeAfIIOTCH pa3HhIMH 3AeMeHTaMH 30HHOH AHa

rpaMMhl HX MaTepHa.Aa; B rrepBOM rrpH6Jl.H)KeHHH MO)KHO cqHTaTh, 

qTo TepM03MHCCHH orrpeAeAfleTCH pa60TOH BhIXOAa, a cpOT03MHC

CHH - 3Jl.eKTpOHHhIM CPOACTBOM, TO eCTh paCCTOHHHeM OT AHa 

30HhI rrpoBOAHMOCTH AO ypoBHH BaKyyMa. B HeKOTOphIX cAyqaHx, 

KOrAa HaAO A06HThCH B03MO)KH0 MeHhlllero cpOHOBoro CHrHa.Aa 

OT y)Ke HMeIOiu;erocH cpoTorrpH6opa, TO eCTh B03MO)KH0 MeHbllle

ro TepMOTOKa OT orrpeAeAeHHOro THITa cpOTOKaTOAa, ero OXJl.a~a

IOT. IToHHJKeHHe TeMrrepaTYPhI OT, HarrpHMep, +20° CAO -20° C 

YMeHhlllaeT TepMoToK Ha 1-2 rropHAKa. XapaKTepHhie BeJl.HqH

Hhl TepMOTOKOB cpOTOKaTOAOB rrpH KOMHaTHOH TeMrrepaTYPe -

OT 3 · 10-19 A/cM2 (2 3ll.eKTpoHa B ceKYHAY) AO 10- 12 A/cM2 . 

Cll.eAyIOID;HH H3 ocHOBHhIX rrapaMeTpoB cpoTOKaTOAOB - 3TO 

corrpoTHBJl.eHHe. AeAo B TOM, qTo cpoToKaTOA MOJKeT pa6oTaTh 

«Ha oTpaJKeHHe» H «Ha rrpocTpeA». Ecll.H cpoTOKaTOA pa6oTaeT 

Ha OTpa)KeHHe, TO OH MO)KeT 6bITh BhIITOJ\HeH Ha MaCCHBHOH Me

Ta.AJl.HqecKOH ITOAJl.OJKKe, H B 3TOM CJl.yqae ero corrpoTHBJl.eHHe 

60.1\hlllOH poll.H He HrpaeT- BhI6HThIH H3 Hero 3Jl.eKTpOH 3aMeiu;a

eTCH ApyrHM, rrpHilleAillHM H3 xopOillO rrpoBOAHID;eH ITOAJl.OJKKH. 

Ecll.H JKe cpoToKaTOA pa6oTaeT Ha rrpocTpeA, TO OH rrpeACTaBAfleT 

co6oM: TOHKyIO ITJl.eHKy, HaHeceHHyIO Ha rrpo3paqHyIO ITOAJl.OJKKY 

co CTOpOHhl BaKYYMa. CBeT rrpOXOAHT CKB03h ITOAJl.OJKKy, a Bbl-
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rnasa 8. Cep,ll,'-'e aneKTpOHHoro np1116opa 

6HThIH li3 ¢oToKaTOAa 31\.eKTpOH yAeTaeT B BaKYJ'M. 3TOT 31\.eK

TpOH AONKeH 3aMeCTHThC51 ApyrnM, nHaqe ¢oToKaTOA 3ap51AHTC51 

1101\.0JKHTeJ\.hHO H 11poTeKaHHe TOKa. 11peKpaTHTC.5I. 3aMern;aIOrn;nH: 

31\.eKTpOH 11pHXOAHT li3 HCTOqHnKa llHTaHml qepe3 31\.eKTPOA, KO

TOphIH pac110AaraeTC.5I 110 11epn¢epnn KaTOAa. tiepe3 llOAJ\.OJKKY 

OH 11pHHTH He MOJKeT, TaK KaK,npo3paqHhie Bern;ecTBa -AH3AeK

TPHKH. ITpn 11poTeKaHnn TOKa 110 TOHKOH 11AeHKe (¢oToKaTOAY) 

Ha HeM 06pa3yeTC.5I llaAeHHe Ha11p51JKeHH51, He3KBHllOTeHIJ;HaJ\.h

HOCTh, 3aBHC.5Irn;a51 OT OCBern;eHHOCTH. PeJKHM pa60Thl 11pn6opa 

HapyrnaeTC.51. ITo3TOMY JKeAaTeJ\.hHO, qTo6hl co11poTHBAeHne ¢0-

TOKaTOAa 6hIJ\.O MeHbIIIe. 

AM pa6oThI c He3KBHllOTem:i;naJ\.hHOCThIO 11pnMeH.5IeTc5I Ha

HeceHne Ha 11po3paqHyIO llOAJ\.OJKKY TOHKHX 11pOBOA51ill;HX 111\.eHOK, 

AOCTaToqHo HH3KOOMHhIX AJ\.51 BhipaBHHBaHlrn llOTeHIJ;HaAa, HO AO

CTaToqHo TOHKHX, qTo6hl OHM CAa6o norAOill;al\.H li3AyqeHne. lforn;e 

BCero B KaqecTBe TaKHX IIAeHOK HCllOJ\.h3yIOTC51 111\.eHKH Cr (xpo

Ma), W (BoJ\.h¢paMa), Sn02 , Mn02 . Co11poTHBAeHne KBaApaTHoro 

yqacTKa 601\.hIIIHHCTBa 111\.eHOqHhIX ¢oTOKaTOAOB 11pn KOMHaTHOH 

TeM11epaTYPe cocTaBJ\.51eT OT 3 · 106 AO 1010 OM (RAH, KaK roBOp51T, 

OM Ha KBaApaT), 11pnqeM OHO yseAHqnBaeTC51 11pli OXAaJKAeHHH 

OT +20° CAO -20° CB 3-10 pa3. 

ITocKOJ\.hKY ¢oToKaTOA ocyrn;ecTBJ\.51eT 11orAorn;eHne cBeTa n 

reHepaIJ;HIO 31\.eKTpOHOB, TO AJ\.5111pHMeHeHHH AONKHhl HMeTh 3Ha

qeHHe ero 011TnqecKne 11apaMeTph1. Ha11pnMep, MeTaAJ\.hI oTpaJKa

IOT 3HaqnTeJ\.hHyIO qacTh CBeTOBoro li3AyqeHH51, qTo yxyAIIIaeT RX 

11apaMeTph1 KaK ¢oToKaTOAOB. AaAee, ecAH 11AeHKa ¢oTOKaTOAa 

cpaBHHMa 110 TOArn;HHe c AJ\.HHOH BOJ\.Hhl, TO B pe3yJ\.hTaTe HHTep

¢epeHIJ;lili B ee TOArn;e B03HHKHeT TO MAH HHOe pac11peAeAeHHe 

MOill;HOCTH H3AyqeHH51, qTo 110BAH5IeT Ha ero 11apaMeTph1. Ha11pn

Mep, AJ\.51 ¢oToKaTOAa, pa6oTaIOrn;ero Ha oTpaJKeHne, 11pnMeHeHne 

xopOIIIO OTpaJKaIOrn;eH: llOAJ\.OJKKH 11pn ycAOBHH, qTo rty'IHOCTh 

CT051qeli BOJ\.Hhl pac110AaraeTC5I Ha rpaHHIJ;e ¢oTOKaTOAa H Ba

KY)'Ma, yseAHqnBaeT qyocTBHTeJ\.hHOCTh 6oAee qeM BABOe. AM 
yBeAHqeHH51 qyscTBHTeJ\.hHOCTH 11pHMeH51IOTC51 pa3AHqHhie OllTH

qecKne ycTpOHCTBa, B03Bparn;aIOrn;ne Ha ¢oTOKaTOA OTpaJKeHHhIH 

OT Hero CBeT. 
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AAfr. pa60Thl KaTOAa liMeIOT 3HaqeH11e OIIT11qecK11e CBOHCTBa 

ero rrpo3paqHhIX IIOAJ\.O)KeK, B qacTHOCTli - IIOJ\.OCa rrporrycKaHliH. 

TaK, co CTOpOHhl MaJ\bIX AJ\.HH BOJ\.H 06b1qHhie CTeKJ\.a rrporrycKaIOT 

113AyqeH11e rrp11MepHo AO 300 HM, YBliOAeBoe CTeKAo - AO 200 HM, 

KBapu; 11 carrqmp - AO 170 HM, qJTOPHA MarHliH - AO 130 HM 

11 ¢TOP11A J\.HTliH - AO 100 HM (AAH 60.1\.ee KOpOTKliX AJ\.HH BOJ\.H 

rrpo3paqHhIX MaTep11aAOB HeT). Co cTopoHhI 60.1\.hIIIliX AJ\.HH BOAR 

06h1qHhle CTeKJ\.a rrporrycKaIOT 113.1\.yqeHlie rrp11MepHO AO 3 MKM. 

CTp11MeH11MOCTh ¢oToKaTOAOB orrpeAeAHeTcH He TOJ\.hKO 3T11-

M11 ocHOBHhIMli rrapaMeTpaM11, HO 11 PHAOM Apyr11x. 11MeeT 3Ha

qeH11e rrpocTpaHCTBeHHaH OAHOPOAHOCTh 11 BpeMeHHOe IIOCTOHH

CTBO Bcex rrapaMeTpOB. B 3aB11C11MOCT11 OT MaCIIITa6a BpeMeHli 

roBop.HT o IIIYMe - ecAH peqh 11AeT o KOAe6aH11.Hx ToKa 3a MaAhie 

BpeMeHa, o HecTa6HJ\.hHOCT11 rrapaMeTpoB, ecAH peqh 11AeT o 60J\.h

III11x BpeMeHax, 11 ecAH peqh 11AeT o em;e 60J\.hIII11x BpeMeHax -

06 OrpaH11qeHHOM CpOKe CJ\.y)K6hI. fpaH11u;a Me>K:Ay 3T11M11 06Aa

CTHM11 He orrpeAeAeHa ¢opMaJ\bHO, HO rrpaKT11qecK11 ee pacrroAa

raIOT rAe-To B 06AacT11 AeC.HTKOB ceKYHA (Me>K:Ay IIIYMOM 11 HecTa-

611.1\.hHOCThIO) 11 COTeH qacoB (Me>K:Ay HeCTa611J\.hHOCThlO 11 cpOKOM 

CJ\.y)K6b1j: illYM, KaK 11 y rrpoq11x KaTOAOB, COCTOliT 113 AByx KOMIIO

HeHT - co6cTBeHHO IIIYMa KaTOAa, ¢AHKKep-IIIYMa (cB.H3aHHoro 

c rrpou;eccaMli M11rpau;1111 11 A11¢¢Y31111 Bem;ecTB) 11 IIIyMa, CBH-

3aHHOro c AliCKpeTHOCThIO rroTOKa 3.1\.eKTpOHOB - AP06oBoro IIIY

Ma. AaAee, 11MeeT 3HaqeH11e crreKTP cKopocTeli 3M11T11poBaHHhIX 

3.1\.eKTpOHOB - KaK crreKTP MOAYAeli, TaK 11 rrpocTpaHCTBeHHoe 

pacrrpeAeAeH11e. BTopoe 06h1qHo orr11chrnaeTCH 3aKOHOM .J\aM6ep

Ta - 3M11CC11H IIOA yrAOM K HOpMaAH rrporropu;110HaJ\bHa KOC11Hycy 

yrAa. HaKoHeu;, AAH 3KCrrAyaTau;1111 Ba)KHhI B116po- 11 yAaporrpoq

HOCTh, TepMOCTOHKOCTh 11 TaK ACiAee. 

0TCyYnneHHe 7 - 0 KOMn03HT3X 

0 MaTep11aAax Mhl y)Ke IIliCa.1\.11. 11 Aa)Ke yrroMliHaJ\.11 0 KOM

II0311Tax. Ho 3TOT BOIIpoc CTOJ\.h Ba)KeH AJ\.51 TeXHliKli Boo6m;e, 

qTO eMy CTOliT IIOCBHT11Th crreu;liaJ\bHOe OTCTyrrJ\.eH11e. KOMII0311-

u;110HHhIH MaTepliaA - 3TO MaTep11aA, COCTaBJ\.eHHhIH 113 pa3HhIX 
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MaTepHaAOB. 3aHHMaTbCH 11<.e KOMII03HIJ;HOHHhIMH MaTepHa.AaMH 

HMeeT CMhlCA TOAhKO, ecAH: OHH Moryr HMeTb coqeTaHHH CBOHCTB, 

HeAOCTYIIHhie AAH rrpoqHx MaTepHaAOB, rrpHqeM rrpeHMym;ecTBO 

no a6COJ\IOTHOH BeAH:qHHe rrapaMeTpa H He o6H3aTeAhHO, H ae

AOCTaToqao. HanpMMep, MaTepHaA aa 10 % 6oAee AerKHH, qeM 

aAIOMHHHH, He HyJKeH, ecAR OH B 2 pa3a MeHee, 1IeM aAlOMHHHM, 

npo1IeH. A MaTepHaA, Ha 10 % MeHee rrp01IHhIH, qeM CTdAh H OA

HOBpeMeHHO Ha 10 % 6oAee THJKeAbIH, 1IeM aJ\IOMHHHH, 3aBOIOeT 

MHp. EcAR, KoHe1IHO, 3TOT MaTepnaA 0Ka11<.eTcH AemeBAe 30AOTa .•. 

Pa3BHTMe KOMII03MIJ;HOHHhlX MaTepHa.AOB IIOBAeKAo pa3BH

THe H3hlKa, Ha KOTOpOM fOBOPMT MaTepMa.AOBeAeHHe. B63MOJK

HOCTh yrrpaBAeHmI CBOHCTBaMM MaTepHa.AOB CAeAaHa oco6o aK

TYdAhHOH rrpo6AeMy cpaBHeHMH cBoilcTB MaTepHa.AOB M, KaK cAeA

CTBHe, pa3BHTHe CHCTeMbl KOMIIAeKCHbIX rrapaMeTpOB, xapaKTe

pH3YJOIIJ;HX cpa3y HeCKOAhKO «rrpocThlX» cBoilcTB. EcAR yrAy6-

AHThCH B cpHAOCocpmo, TO Ha 3cpcpeKTHBHOCTh rrpHMeHeHMH Ma

TepHa.Aa BAliHIOT Bee ero CBOllCTBa. lfro Mbl 6yAeM AeAaTb c Ma

TepHaAOM, KOTOpblll AeroK, KaK aAIOMMHlill, rrpoqeH, KaK CTdAh, 

AelIIeB KaK 6eTOH... HO pacchmaeTCH OT B03AellCTBMH B03Ayxa? 

Aa:>Ke ecAR MhI rroKpacHM caMOAeT c Hor AO roAOBhI, To KaK ero 

y6epeqb OT u;apaIIHH? TaK qTO B KOMIIAeKCHhlll rrapaMeTp AOAJK

Hbl BXOAlfTh, Ka3aAOCb 6bI, Bee 3AeMeHTapHhle rrapaMeTphl cpa3y. 

Ho AAH IIOAh30BaHHH rrapaMeTpoM qeAoBeK AOAJKeH ero «oco-

3HaBaTb». A oco3HaTh KOMIIAeKCHhIH napaMeTp, xapaKTepH3YJO

IIJ;Hll 6oAee AByx 3AeMeHTapHhIX, qeAoBeKy TPYAHO. J1 rro3TOMY 

HaH60AbIIIee pacrrpocTpaHeHHe IIOAyqHAR CAeAYJOIIJ;Me KOMIIAeKC

Hbie rrapaMeTpbI: yAeAbHaH rrpGllHOCTb - OTHOlIIeHMe rrpeAeAb

HhlX HarrpHJKeHHH K yAeAhHOMY Becy M yAeAhHaH JKeCTKOCTh - oT

HomeHMe MOAYAH lOHra K YAeAhHOMY Becy. CMhlCA: KaKyro MaKcM

MdAhHYJO rrp01IHOCTb H, COOTBeTCTBeHHO, JKeCTKOCTb AaHHOll AeTa

Ali MOJKHO o6ecrreqHTq AaHHblM MaTepHa.AOM, He BhlXOAH 3a rrpe

AeAbI BhJAeAeHHoro Ha 3TY. AeTaAb Be ca. EcAR MhI AOlIIAR AO Heo6-

XOAHMOCTH yAyqIIIeHHH yAeAhHhlX rrapaMeTpoB, TO MOJKHO 3aAaTh 

Borrpoc - qeM HaM IIOMOryr B 3TOM 6AaropOAHOM AeAe KOM

Il03liIJ;HOHHhle MaTepHdAhl? CTpeACTaBHM ce6e, 'ITO Mhl CAOJKHAH 

HeCKOAhKO cTepJKHeil H3 OAlforo MaTepHaAa, HeCKOAhKO H3 APY-
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roro .11 ofrMIBH.llli Bee 3TO KOMII03HTOM. Bee rraKeTa eTep)KHeii -

«KyeKa KOMII03HTa» - paBeH eJMMe Beea Beex eTep)KHeii, a npoq

HoeTh naKeTa He npeBOeXOAHT eJMMhI npo'IHOeTeH Be ex eTep)K -

Hell (oHa paBHa e:ii, ee.llli np.11 ITAaBHOM paeT.H)KeH.11.11 Bee eTep)KH.11 

nopBJTe.51 OAHOBpeMeHHo). J\erKo BHAeTh, 'ITO yAeAhHa.H npoq

HOeTh TaKoro naKeTa He 6oAhIIIe yAeAhHOH npo'IHOeT.11 eTep)KHeii 

.113 Ka)KAOfO MaTep.11aAa. Ho TOrAa 3aqeM AeAaTb KOMIT03.11TbI? 

OeHOBHhIX nptt'IHH ABe. Bo-nepBbIX, MHor.11e MaTepH:aAbI (yr
AepoA, MeTaAAbl, eTeKAo) MOfYT HMeTh ey~eeTBeHHO 60AbllIYJO 

npO'IHOeTb, KOrAa OH.11 .113fOTOB.l\.eHbl B BHAe HHTeii. 0AHaKO .113 

HHTeH - KaK 6bl OH.11 He 6bl.llli npO'IHbl - HeAb3.51 eAeAaTb Kpbl.1\.0 

eaMoAeTa, TaK >Ke KaK .113 OAHOH apMaTJPbI HeAh3.H eAeAaTb AOM. 

11 Ae.l\.O Aa)Ke He B TOM, 'ITO B TaKOM AOMe eKB03H.51K.11 6YAYT eHAh

Hee 06hI'IHhlX .11 He B TOM, 'ITO TaKoe Kpbl.1\.0 He 6yAeT .l\.eTaTb, a B 

TOM, 'ITO HHTb, KaK .113BeeTHO, xopOIIIO pa6oTaeT He npOAO.l\.hHOe 

paCTSI)KeHHe .11 HHKaK He pa6oTaeT Ha IIPOAOAhHOe e:>KaTHe H./lli 

.113r.116. A KpbIAO, KOTOpoe MO)KHO TSIHJTb 3a KOHeu;, HO KOTOpoe 

He BbJAep>KHT ceBIIIero Ha Hero CAYPY roAy6SI, HHKOMy He tty>KHO. 

BTopaSI rrp.111I.11Ha MO)KeT 6bITh Ha3BaHa .11eTop.11qeeKoii. Tex

HHKa rrpHBbIKAa K orrpeAe.l\.eHHbIM MdTep.11aAaM- rrpI·rnu;HrrhI KOH

eTpyttpoBaHH.51, HaBblK.11 KOHeTpJKTOpOB HX, HaKOHeu;, M.11pOB03-

3peHHe eB.H3aHbI e orrpeAeAeHHhIMH MaTep.11aAaM.11. Co3Aaii 3aBTpa 

MaTepHaAOBeAbl MaTepHaA B 100 pa3 TSI)Ke.l\.ee eTd.llli .11 B 200 pa3 

60./\.ee rrpo'IHblll - rrepeA KOHeTpJKTOpaM.11 OKa)KeTe.51 He.l\.erKa.51 

3aAaqa - PaAHKdAhHoro H3MeHeHH.51 eBoero MhIIIIAeHH.51. A BOT 

ee./lli «pa3BeeT.11» HHT.11 .113 3TOfO MaTep.11aAa «B 200 pa3», IIOAy

'IHM MaTepHaA, HMeIO~Hll rrpO':IHOeTb eTd.llli .11 B 2 pa3a 60./\.ee 

AerKHH. 3To KoHeTpJKTOpaM rrpHBhI'IHee. 

Ao e.11x rrop MhI roBoptt.llli TOAhKO o MexaHH'leeKHX napaMeT

pax, .11 3TO He eAyqa:iiHo. TexHHKa Boo6~e 3aHHMaAaeh MexaH.11-

qeeKHMH napaMeTpaMH BeerAa 6oAbIIIe, qeM otTaAhHhIMH. KaK

HHKaK, 3.l\.€KTp.11qeeTBO B03HHKAO II03)Ke MOeTOB H AOMOB, He ro

BOpSI y)K 0 KaMeHHOM TOIIOpe. TaK 'ITO .11 KOMII03.11Tbl perua./\..11 

BeerAa H no ee:ii AeHb peIIIaIOT qa~e Beero MexaHH'leCKHe 3aAa

'IH. 0AHaKO TeIIAO- .11 3.l\.eKTp.11qeeK.11e rrapaMeTpbI TO:>Ke Ba)KHhI; 

rrorOBOpHM 0 HHX. 
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Ee.Ml 6h1 TeIIAorrpoBOAHOCTb 6b1Aa HY)KHa caMa BO ce6e, rro

Tpe6HocTH B KOMII03HTax 6bl He B03HHK.l\.O - KaK ABa MaTepnaAa 

He CMenrnBali, IIOAyqHTb Teil.l\.OIIpOBOAHOCTb 60./\.hllle qeM y Toro, 

y KOTOporo OHa 60./\.bllle H MeHbllle, qeM ..• He yAaCTCH. Ho BOT 

ec.Jlli tty)KHa BhlCOKaH TeIIAOIIpOBOAHOCTb H, cKa)KeM, BblCOKaH 

rrpoqHoCTb, TO AAH KOMII03HTOB 3Ta 3dAaqa B caMhlll pa3. 

C 3.1\.eKTporrpoBOAHOCTbIO, KaK yJKe OTMeqaJ\.OCb, CHTYau;HH 

HecKO.l\.blCO HHM - B TeXHHKe 6wBaIOT HY)KHbI MaTepHa.l\.hl c BIIOA

He orrpeAeAeHHOH - He HyAeBOH H He 6eCKOHeqHoli 3.1\.eKTpo

rrpOBOAHOCTblO. TIOHHTHO, qTO H3 AByx MaTeplfaAOB c pa3Hbl

MH 3.1\.eKTporrpOBOAHOCTHMH MO)KHO CKOM6HHHp0BdTb KOMII03HT 

c rrpoMe)KYTOqHbIM ee 3HatJeHHeM. KaK c TerrAorrpoBOAHOCTbIO, 

TaK H c 3.1\.eKTporrpoBOAHOCTblO cyiu;ecTBYIOT KOM6HHHpOBaHHbie 

rrapaMeTpw. HarrpHMep, OTHorneHHe yAe.l\.bHoro aeca K 3.1\.eKTpo

rrpoBOAHOCTH rOBOpHT HaM 0 TOM, KaKOH Bee llPHAeTCH HeCTH 

orropaM J\3TI. 

Mbl IIOAOllIAll K OCHOBHOMY BOrrpocy HdYKH H TeXHHKH KOM

II03HTOB - BOIIpocy 0 TOM, KaK H3 MaTepHaAOB c H3BeCTHhl

MH CBOHCTBdMH CAeAaTb KOMII03HT c TeMH CBOHCTBdMH, KOTOpbie 

HYJKHbI. fAaBHbIH crroco6 yrrpaBAeHHe - aapbHpoaaHHe rrpo

CTpaHcTBeHHhlM pacIIO.l\.O)KeHHeM. 

Ky6HKH - cTapaH KaK MHP Hrpa. Ho ecAH pe'lh 3arnAa o KOM

II03HTax - OT Hee 3dBHCHT IIO.l\.eT caMO.l\.eTOB H paKeT, ClJeT B MH

pOBOM rrepBeHCTBe ITO ropHbIM J\.hl)KdM H TeHHlfCY H, HdKOHeu;, 

)KH3Hb .l\.IOAeli - n6o H3 KOMII03HTOB AeAaIOT cycTaBw AAH PYK 
lf Hor H KAarraHbl AAH cepAeu;. J\106BH 3TO, KaK J10Kd3a.l\.H 3KCIIe

pHMeHThl, He MernaeT. 

TioHHTHO, 'ITO paCIIO.l\.O)KHTb OAHO B ApyroM MO)KHO TdKHM 

KO.lllitJeCTBOM crroco6oB, 'ITO HHKaKoli KHHrH He xaaTHT. Aa)Ke 

IIOCTpoeHHe BCe06'beM.l\.IOII.J;eH KAaccmpHKau;HH - C.l\.O)KHdH 3a

Ad'la. Ho ceifqac H 3,1\eCb Mhl XOTHM Alllllb IIOKd3dTb OCHOBHbie 

BapHaHThl «ycTpOHCTB» KOMII03HTOB H B o6iu;Hx J<apTax IIOKa3aB, 

KdKOBbl RX CBOHCTBa, HayqHTb Bae «MhlCAHTb KOMII03HTHO». 

HatJHeM MbI co CAYtJaea, J<OrAa HBHO OAHO BCYHYTO B APY

roe, TO ecTb KOrAa eCTb BK.l\.IO'leHHH (HAii apMaTYPa) lf MaTpHu;a. 

<!>opMaAbHOe orrpeAeAeHHe 3BY'!HT TaK - MaTpHu;a - ~TO TO, 
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16. <:t>oT03J1eKTPOHHafl 3Ml1CCl1fl 

R3 .l\1060H TO'IKR qero MO>KHO rrorraCTh B ./\106)710, He rrepeXOM 

B APYfYIO cpeAy. HatIHeM c caMoro rrpocTOro rrpHMepa (pHc. 78). 
l..{To MO>KHO CKa3aTh 0 CBOHCTBax 

TaKoro MaTepna.Aa? TeIIAo- H 3AeKTpo

rrpoBOAHOCTh B OCHOBHOM orrpeAeASIIOT

C51 MaTpHIJ;eH. Bhl caMH MO>KeTe IIOAy

tIHTh rrpR6AH>KeHHYJO cpopMyAy, rrpeA

IIOAO>KHB, 'ITO BK.l\lOtieHH51 pacrroAO>Ke

Hhl peryAHpHo. Cym;ecTByeT HeCKOAhKO 

cpopMyA, BhIBeAeHHhIX B pa3HhIX rrpeAIIO

AO>KeHH51X H AaIOU.J;HX He CRAhHO pa3AH

tiaIOm;ReC51 pe3yAhTaThI. MexaHHtieCKHe 

CBOHCTBa TaK>Ke orrpeAeASIIOTC51 B OCHOB

HOM MaTpnu;eil, KpOMe CAYtiaeB, KOfAa 

BK.l\10tieHH51 51BASIIOTC51 KOHD;eHTpaTopa

MR HaIIp51>KeHH51 (HO KTO >Ke 6yAeT TaKOH 

KOMII03RT AeAaTb) AH60 KOrAa BK.l\10tie

HH51 yrrpotIH51IOT «CAa6ble MeCTa» MaTpH

I.l;hl, HaIIpHMep Me>K3epeHHhie rpaHHI.l;hI). 

HaKoHeu; - Ho 3TO Y>Ke He «Ky6nKH» -

TaK>Ke BK.l\lO'leHR51, o6pa3y51Ch, H3MeH51-

IOT XRMH'leCKHH COCTaB ..• HO 06 3TOM rro

TOM. BoT CAeAYJOlll;HH rrpHMep (pHC. 79). 
EcAH 6oAhIUHHCTBO BK.l\lOtieHRH Ka

caeTcH Apyr Apyra, R ecAH TerrAo- H 

3AeKTporrpOBOAHOCTh BK.l\lO'leHHH MHOfO 

60AbIUe, tieM y MaTpHI.l;hl, TO B03HHKa-

eT «CKB03Ha51 rrpOBOARMOCTh», TO ecTh 

I • , I 
I • I 

)_ ___ 
/ -/ 

/ 

P1o1c. 78. KoMn03VIT N2 1. 
Ccl>epw·1ecKV1e VIJlVI so scsi

KOM CJly"lae He CVIJlbHO Bbl

TS1HYTble BKJllO"leHVIS1 B MaT

PVILle, KOHL1eHTpa1.1V1si Ma11a 

P1o1c. 79. KoMn03111T N2 2. 
Cc1>epV1"teCKV1e BKJ110"leHV1S1, 

60JlbWaS1 KOHL1eHTpa1.1111si 

rrpoBOAHMOCTh KOMII03RTa CTaHOBHTCH 60AhlllOH. EcTh cpopMyAhI, 

rAaC51lll;Re, KaKOBa AOA>KHa 6bITh KOHD;eHTpau;HH AAH B03HHKHO

BeHR51 rrpOBOAHMOCTH, HO KOHKpeTHa51 cnryau;RH 3aBHCHT OT TeX

HOAOfHR, HarrpHMep, MOfAO 6bITh TaK, 'ITO BK.l\lO'leHR51, KOrAa 

OHH «06pa30BhIBaAHCh» RAH «pacrrOAafaAHCb», CAHIIaAHCh HAR, Ha

o6opOT, OTTaAKRBaAHCh. Aa.Aee, IIOHHTHO, 'ITO pe3yAhTHpyrom;aH 

rrpoBOARMOCTh 3aBRCHT OT IIAOlll;aAlf KOHTaKTOB. HaKOHeu;, rrpn 

rrpOXO>KAeHHH TOKa (TeIIAa) B KOHTaKTax B03HHKaIOT 60AbIUHe 
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rnasa 8. Cep11.L{e aneKrpoHHoro npu6opa 

3AeKTpMqecKHe IIOAfI (rpC1AHeHThl TeM11eparyp) H, KaK CAeACTBHe, 

pa3orpeB (MeXaHHqecKHe Ha11p.s:DKeHHH). B KOHeqHoM HTOre Ma

TepMaA MOJKeT pa3pynrnThCH. AaAee, peryAHpyH IIAoru;aAh KOH

TaKTOB, MOJKHO 110AyqHTh, Ha11pHMep, 3HaqeHHH 11pOBOAHMOCTH 

OT 3HaqeHHH, CBOHCTBeHHhlX MaTepHaAY MaTpHu;hl AO MaTepHa

Aa BKAIOqeHHH:. EcAH MaTpHu;a - AH3AeKTpHK, a BKAIOqeHHH -

MeTaAA, Mhl 110AyqaeM c11oco6 C03AaTh AJ06yio (B 3THX 11peAeAax) 

11poBOAHMOCTh. Ka3aAOCh 6h1, KaK xoporno - qyTh CJKaA MaTe

pHaA 11pH H3fOTOBAeHHH 110CHAbHee HAM 110CAa6ee - H 110AyqHA 

HYJKHyIO 11poBOAMMOCTh. Ho 6eAa B TOM, qTo ocHOBHoe M3MeHe

HHe 11pHXOAHTCH Ha MOMeHT, KOfAa KOHTaKThl TOAhKO B03HHKaIOT. 

Ho OHM TOfAa MaAbl c HaTeKaIOIIJ;HMH 110CAeACTBHHMH B BHAe ne

perpeBa 11pM npoTeKaHHH TOKa, a KpOMe Toro TeXHOAOfHH 110Ay

qaeTCH HecTa6HAhHaH - qyTh IlOCHAbHee CJKaA, a npoBOAHMOCTh 

CTaAa coBceM ApyroM:. CHryau;HH c MexaHHqecKMMH cBoi1c1'Ba

MH npMMepHO TaKOBa - npoqHOCTh KOMil03HTa 611peAeAfleTCH 

11poqHOCThlO TOfO KOMl10HeHTa, y KOTOporo OHa MeHhille. ToHKHe 

nepeMhiqKH AaJKe 6oAee npoqHoro KOMITOHeHTa He BhIAepJK1rna

IOT 60AbillHX Harpy30K. 

MoJKHO AH 11pHMeHHTh BKAIOqeHHH B BHAe AHCKOB (pHc. 80)? 

Aa, HO Te11eph B03HHKaeT HOBhIH Bo11poc - opHeHTHpoBaHhI AH 

OHM? IToHHTHO, qTo c rnapHKaMH TaKoil: Bo11poc He B03HHKaA. 

Bo3HHKaeT H HOBhIH OTBeT - aHH30Tponm1 CBOHCTB. Ha11pH

Mep, eCAM BKAIOqeHHH npOBOAHIIJ;He, a MaTpHu;a npoBOAMT TOK 

11AOXO, TO 11pOBOAliMOCTh 11paBoro 06pa3u;a 110 BepTHKaAH MaAa, 

a no ropM30HTaAH - BeAMKa. BeAMqHHa 3cpcpeKTa onpeAeAfleTcH 

KOHu;eHTpa1weM:. ITpoqHoCTh 11pH pacTHJKeHHH 110 ropH30HTaAH 

/ 

~ 
I 

-..~ 
) ___ _ 
/~ 

/ 

P111c. 80. KoMn03111T N2 3. A111cKOBb1e BKJl10YeH111S1 
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orrpeAeAfleTC51 MaTpIUJ;eH, no BepTHKaAH - 60.1\.ee «CAa6hIM» KOM

IIOHeHTOM, ecAH KOHIJ;eHTpaIJ;H51 AHCKOB BeAHKa. Aorro.l\.H11Te.l\.h

Hhie C.l\.OJKHOCTI1 BHOCHT KOHIJ;eHTpaIJ;H51 HaIIp51JKeHI1H - y-Be.l\.H

'leHHe HarrpmKeHHH B MaTpI1IJ;e Ha rpaHRIJ;aX «OCTphIX» BK.l\.IO'le

HH51 - TO eCTh rrpH BepTHKa.l\.hHOM paCT51JKeHI1H B rrpaBOM CAyqae. 

CHryaIJ;H51 rrpH xaoTH'leCKOM pacrroAoJKeHI1I1 51BAfleTC51 rrpoMeJKy

TO'IHOH MeJKAy BepTI1Ka.l\.hHOH H ropH30HTa.l\.hHOH CHTyaIJ;HeH. 

BKAfOl.JeHlrn MOryT HMeTh cpopMy HHTeH, KOpOTKHX (pHC. 81) 
11.1\.H A.J\.HHHhIX (pHc. 82). CnryaIJ;I151 CTaAa eIIJ;e HeMHoro CAOJK

Hoe. fopH30HTa.l\.hHhie Teil.l\.O- I1 3.1\.eKTporrpOBOAHOCTH Ha rrpaBOM 

pHCyttKe orrpeAeMIOTc51 MaTpHIJ;ell:. BepTI1Ka.l\.hHhie rrpoBOAHMO

CTH orrpeAeAflIOTC51 KOHIJ;eHTpaIJ;Hell: BKAfO'leHHH H, ecTeCTBeH

HO, HX cpopMOH - TO eCTh OTHOIIIeHHeM A.J\.HHhl K AHaMeTpy. 

CTpol.IHOCTh rrp11 pacT51JKeHHI1 orrpeAeAfleTc51 rrpotIHOCThIO MaTpH

IJ;hI I1 KOHIJ;eHTpaIJ;HeH Harrp51JKeHI1H Ha OCTpH51X, ec.l\.H o6IIJ;HH 

o6'beM OCTpI1H HeBe.l\.HK. c y-Be.l\.Hl.JeHHeM 06IIJ;ero COAepJKaHI151 

OCTpHH CHTyaIJ;I151 ycAOJKH51eTC51 H rrpno6peTaeT qepThl OAHOro 

I I 
......_Y 

I 

I 

I I I ) ___ _ 
,,. ,,."'' I 

P111c. 81. K0Mno3111r N2 4. KoporK111e Hlllrn 

,,. 
,,. ,,. 

I 
I 
I 
I 

) 

P111c. 82. Ell.le OAlllH KOMn03111T - c AfllllHHb1M111 HlllT51Mlll 
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r11asa 8. Cep/1,L{e aneKTpOHHOTO npu6opa 

P..ic. 83. Afl1-1HHb1e op1-1eHrnposaHHb1e B HeCKOnbKi.1X HanpasneH1-1s:ix H1-1rn 

M3 rrpeAhlAym;Mx cAyqaeB. Ao6aBMM, qTo HMTM M AMCKM, 3dHMMa-

10rn;Me CAd6bie MeCTa MdTpmJ;hl (Me>K3epeHHbie rpaHMIJ;bI) Moryr 

ynpoqmITb MaTepMaA. 

AoBOAhHO oqeBMAHhI cpopMyAhl AMI TerrAo- M 3AeKTporrpoBoA

HOCTM - OHM BIIO.l\He TpHBMdAbHhl B rrpaBOM C.l\yqae, HO M B AeBOM 

MO>KHO IIOAyqMTb COOTBeTCTBYIOrn;Me ou;eHKM. CMryau;m1 c rrpoq

HOCTblO OCAO>KHeHa HOBhlM cpaKTOpOM (OH AeHCTBOBdA If paHh

rne, HO 6bIA MeHee 3aMeTeH). 3To - cu;eIIAeHMe Me>KAy HMTHMM 

M MaTpMu;e:i1: M.l\li rrpoqHOCTb rrepeXOAHOH 30Hhl. 0Ha orrpeAeAH

eTCH - M TYT HaqMHaeTcH XMMMH - B3aMMOAe:i1:cTBMH MaTepMaAa 

HMTe:i1: M MdTpMI.J;bl. Ec.l\li rrepeXOAHdH 30Ha He HBA.HeTCH C.l\a6hlM 

MeCTOM, TO COOTBeTCTBYIOrn;Me cpopMyAhl IIO.l\yqHTb HeC.l\O>KHO -

MaTpMu;a M HMTM Ae¢opMMPYIOTCH BMeCTe If MaTepMa.I\ rropBeTCH 

TOfAd, KOfAd B qeM-TO OAHOM 113 HMX HaIIp5I>KeHMH rrpeB30HAYT 

rrpeAeAhHbie. 

Ec.l\li HY>KeH M30TpOIIHhI:i1: M.l\li «qacT11qHo-113oTporrHhIH» Ma

TepRM, TO opraHH3YIOT CHCTeMy HHTe:i1: B AByx, Tpex H 6oAee 

HarrpaBAeHMHX (pHC. 83), IIpHqeM HMTH Moryr 6h!Tb COTKdHhl, TO 

eCTb co6paHbI B TKdHb c .l\I06bIM, rrpHHHThlM B TKaqeCTBe, THIIOM 

pacrroAO>KeHHH. A THIIOB TdKHX - He MepHHO ... 

Mhr ynoMHHY.l\li B Haqa.l\e pa3AeAa, qTo 6yAeM rosopMTh o cM

ryau;MHX, KOrAa ecTh MaTpMu;a M BKJ\lOqeHMH. 3HaqMT, ecTh M APY

r11e cAyqa11. Ae:i1:cTBMTeAhHO, ry6Ka, rrporrMTaHHaH BOAO:i1:, HBAHeT

CH rrpMMepoM AByxMa'IpMqHo:i1: CTPYKTyPhI, a ec.l\li y Hae MMeeTcH 

qeTb1pe Bern;ecTsa, MhI 3a!1pocTo CAeAaeM 6e3MaTpHqHYIO CTPYK

rypy. TipeACTdBHTe ce6e qepeAYIOrn;HeCH B rrpoCTpaHCTBe qepHbie 

M 6eAb1e Ky6MKM. Ky6hI OAMHaKOBoro u;seTa KacaIOTCH APyr Apyra 

TOAbKO B pe6pax. Terrepb rrpOAO>KMM BCe pe6pa CMHMMH I.J;H.l\liH

APdMH, a B seprnMHax pacrroAO>KHM KpacHbre rnapHKM. A MO>K-
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16. t:POT03neKTPOHH8fl 3M/llCC/llfl 

HO AfI C03AaTh 6e3MaTpHqHyIO CTPYKTYPY· Hcno.l\h3Y.SI ABa HAfl TPH 

Bern,ecTBa? Ec.llli KYCKH Bern,ecTBa Moryr 6hITh 6ecKoHeqHo 60.1\h

IIIHMH, OTBeT oqeBHAeH - CTOnKa AfICTOB c qepeAOBaHHeM AByx 

IJ;BeToB. A ec.llli pa3MephI KycKoB orpaHHqeHhr? 

f1ocMoTpHM, H3 qero H KaK AeAaIOT KOMno3HThI. KoMn03HThI 

c AAfIHHhIMH HHT.SIMH o6b1qHo HMeIOT npoqHhie H, )KeAaTe.l\hHO, 

AerKHe HHTH, a MaTpm.1;a o6ecneqHBdeT HX coeAHHeHHe B eAH

HhlH MaTepHaA, 3alll,Hill,deT HX OT arpeCCHBHhIX cpeA, B TOM qncAe 

OT OKHCAeHH.SI Ha B03Ayxe. 06hiqHo )KeAaTeAhHO, qT06hI MaTpttu;a 

6hIAa AerKOH, no3TOMY B KaqecTBe HHTeH HCnO.l\h3yIOTC.SI CTd.l\h, 

Be, W, Ti, Mo, a B Kaqecrne MaTpHI.J;hI Al, Mg, HttxpoM, noAf!

MephI. f1pttMeH.SIIOTC.SI B KaqecTBe HHTeH H Bern,ecTBa, npeA'h.SIB

AeHHe KOHX B BHAe HHTeif noBepraeT no ceH: AeHh HeKOTOphlX 

B H3JMAeHtte - cTeKAo, Al 2 0 3 , Si02 , Zr02, BN, B 4 C, SiC, B, C. 

I1cnOAh3yIOTC.SI B KOMn03HTax I1 KOMn03Hl.J;HOHHhie HHTH - w, 
noKphIThIH SiC H W, noKphIThIH SiC H CBepxy - B (MaTepHaA 

Ha3hIBaeTC.SI 6opcHK). 

KaK AeAaIOT KOMn03HThI c AAfIHHhIMH HHT.SIMH? A no-pa3HO

My. f1pHMeH.SIIOTC.SI Bee «06Ill,He cnoco6hI» - Af!The, npeccoBaHHe, 

cneKaHHe, npoKaTKa, 3KCTPY3H.SI, KOBKa. Cneu;mlmqecKHMH AA.SI 
KOMn03HTOB .SIBA.SIIOTC.SI: nponHTKa, oca)KAeHHe MaTepHaAa MaTpH

IJ;hI Ha HHTH c nocAeAyIOill,HM npeccoBaHHeM, cneKaHHeM I1 TaK 

AaAee, H HaKoHeu;, HaMOTKa c npoKAeH:KoH:. TaK aBTOM06HAfICThI 

3dAe.l\hIBaIOT CTeKAOTKaHhIO, npoMa3aHHOH 3nOKOIAKOH, KOppo-

3HOHHhie Ahiphr. 

KoMn03HThI c npHMepHo IIIapoo6pa3HhIMH BKAIOqeHH.SIMH 

06b1qHo HMeIOT MeTaAA B KaqecTBe MaTpHI.J;hl H pa3AJ1qHhie co

eAHHeHH.SI - OKHC.l\hl, Kap6HAhl, HHTPHAhl, 6opHAhl H.llli HHTep

MeTaAJlliqecKHe COeAHHemrn B KaqeCTBe BKAIOqeHHH. BBeCTH 3TH 

BKAIOqeHH.SI B KOMn03HT MO)KHO BCeMH nepeqHcAeHHhIMH BhIIIIe 

MeTOAaMH KpOMe, KOHeqHo, HaMOTKH. f1pHMeH.SIIOTC.SI I1 MeTOAhl, 

B KOTOpbIX BKAIOqeHH.SI BBOA.SJTC.SI B BHAe HCXOAHOI'O npOAYKTa 

AA.SI peaKIJ;HH. TaK, BBeAeHHhie B Al qacTHI.J;bI C npH HarpeBe ne

pexoA.SIT B Al4C 3 , qacTHI.J;bI aKTHBHoro MeTaMa (HanpHMep Ti), 

COAep11<.arn,HeC.SI B naccHBHOM, OKHCA.SIIOTC.SI, qacTHIJ;hI COAeH BOC

CTaHaBAf!BaIOTC.SI AO OKHCAOB. 
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0AHaKO B3al1MOAeHCTBHe Me)l(AY MaTp11u;eli 11 HHTHMH 6hIBa

eT 11 BpeAHO - OHO 3aqacry10 BJ\.eqeT pa3pyrneHHe KOMII03HTOB. 

TaK, qacTl1D;hI 11 BOAOKHa Al2 0 3 HaAO H30A11posaTh OT Ni MaTpH

D;hI cAoeM Y2 0 3 11A11 W, qacTHD;hI Mo oT Ni MaTp11u;h1 - cAoeM 

TiN. B rrpo'tHBHOM cAyqae HapyrnaeTc.SI CBH3h Me~y MaTpHu;eli 

11 BKJ\IOqeHl151Ml1. 

Oco6o cAeAyeT cKa3aTh o BKJ\10qeHHHX B03Ayxa. MaTepHM, 

HaCbilll,eHHhIH IIY3blpbKaMH AeroK H HMeeT HH3KJIO TeIIJ\.OIIpOBOA

HOCTh. Bee 3HaIOT, qTO TaKoe rreHOIIJ\.aCT. TipaBAa, KOMII03HD;HOH

HhIMl1 MaTepHaAaMH HX 06b1qHO He Ha3hIBaIOT, HO yrrOMHHJTh 

0 HHX HaAO XOTH 6bI IIOTOMy, qTo B KaqecTBe qacT11u;, BBeAeHHhIX 

B MaTp11u;y, rrp11MeHHIOT IIOJ\hle BHJTPl1 MHKpoccpepbI H3 Al203 

H Zr02 r XOTH y)l(e He AJ\.51 YBeJ\11qeHl151 rrpoqHOCTH, a AJ\.51 YMeHb

rneHHH Beca (cTeKJ\51HHbie Hl1Tl1, KCTaTH, TO)l(e 6hlBaIOT IIOJ\hlMH). 

BrrpoqeM, MhI y)l(e 3HaeM, qTo CMhICA OA11H - yBeJ\HqeHHe yAeJ\h

HOH rrpoqHoCTH. A H3 IIOJ\hIX ccpep AeAaIOT KepaM11Ky, crreKaH HX. 

B3a11MOAeHCTB11e Me~y co6oli MaTp11u;h1 H BKJ\IOqeH11H -

c BhIXOAOM Ha rroBepxHOCTh rrpOAJKTOB B3aHMOAeHCTBHH - rrpo

u;ecc, PaAHKaJ\hHO 113MeHHIOlll,HH CBOHCTBa, cylll,eCTBeHHhie AJ\.51 

rrp11MeHeHl15I KOMII03HTOB B 3J\.eKTpOHHhIX rrp116opax. 3TH CBOH

CTBa - TepM03J\.eKTpOHHa51 11 BTOpHqH0-3J\.eKTpOHHa51 3MHCCl151 11 

CKOpOCTh 11crrapeHl15I orrpeAeJ\51IOTC51 «MOHOMOJ\.eKyMpHbIM» CJ\.O

eM Belll,eCTBa Ha rroBepxHOCTH. TaK qTo ecJ\11 B Ky6HKe c pe6poM 

1 CM, «C06paHHOM» H3 qacTHD; pa3MepaM 1 MKM rrpOB3aHMOAeH

CTBJIOT J\11Illh 0,002 % KOHTaKTHPYIOlll,HX aTOMOB, COCTaB IIOBepx

HOCTl1 CMe)l(HTCH IIOJ\HOCThIO. 

B3aHMOAelicTBHe MaTpHD;hI H BKJ\IOqeHHH - He eA11HCTBeH

HhIH «XHMHqeCKHH» acrreKT KOMII03HTOB. Ha IIOBepxHOCTH KOM

II03HTa, CJ\.O)l(eHHOH IIHTHaMH AByx THIIOB MOrJT HATH 3aMhICJ\.OBa

Tbie KaTaJ\HTHqecKHe rrpou;ecCbl. HarrpHMep, Ha IIHTHax THIIa «a» 

cop6l:fpyeTCH rrpOAYKT .A, Ha IIHTHax «B» - rrpOAYKT B, o6a OHH 

MHrpHpyIOT ITO CBOHM IIHT_HaM H B3aHMOAeHCTBJIOT Ha rpaH11u;ax 

IIHTeH. 

He BcerAa KOMII0311T HaAO AeAaTh. I1HOrAa OH rroAyqaeTCH 

caM - rrpH OXJ\a~eHHH HeKOTOpbIX CIIJ\.aBOB OHH pacrraAaIOTCH 

(H3-3a YMeHhrneHHH pacTBOpHMOCTH c TeMrrepaTJPOH) H3 MaTpH-
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u;y H BKJ\IOqeHH51. TaKHe MaTepHa.AbI Ha3bIBaIOT 3BTeKTHqecKH

MH KOMI103HD;HOHHhlMH MaTepHaAaMH. BKJ\IOqeHH51 IIOAyqaIOTC51 

B 3aBHCHMOCTH OT COCTaBa, KOHu;eHTpau;HH H CKOpOCTH OXAa

;KAeHH51 ccpepHqecKHMH, HroAhqaThIMH, AeHTOqHhIMH. HarrpRMep, 

B Al MaTpHu;e BKJ\IOqeHHH Be, Al9Co2 , CuA12 , Al3Fe, Al3Ni, Si, 

B Co-MaTpHu;e HfC, NbC, Tac, TiC, VC, B Ni - MaTpHu;e HfC 

H TaC. A HeAh351 AH, OXAa;KAaH B HeOAHOPOAHOM TeMrrepaTYPHOM 

IIOAe, rroAyqHTh opHeHTHpOBaHHbie BKJ\IOqeHH51? A HeAh351 AH, 

OXAa;KAa51 B IIOAe YAbTpa3BYKOBhIX KOAe6aHHH, yrrpaBA51Th pacrro

AO)l(eHHeM KpHCTaAAOB? A HeAb351 AH, OXAa;KAa51 IIOAHMOpqrnoe 

Beiu;ecTBO, rroAyqHTh KpHCTaAAhI ... aAMa3a B rpaqmTe? ... Ho MhI, 

Ka)l(eTcH, 3apBaAHCh. TaK qTo rrepeliAeM K ToMy, qTo 6hIAO o6e

iu;aHo B HaqaAe, a celiqac yrroM5IHYTO Bcye - K yrAepOAY H KOM-

1103HTaM H3 OAHOro Hero. 

A Terrepb rrorrpo6yeM CAeAaTb Beiu;b COBCeM CTpaHHYIO -

KOMII03HT H3 OAHOro 3AeMeHTa. EcAH B351Th BHCK03HYIO HAM rro

AHaKpHAHHTpHAbHYIO HHTh H CAerKa HaT5IHYB ee, qTo6bI OHa CTaAa 

poBHeHhKOtt, HarpeTh Ha B03Ayxe AO 200-300° C, OHa rroqep

HeeT. TipH 3TOM B IIOAHaKpHAHHTpHAhHOH HHTH 3aMhIKaIOTC51 6-
qAeHHhie KOAhu;a c a30TOM B OAHOM H3 Y3AOB. 3aTeM HHTh HarpeBa

IOT B HHepTHOH aTMoccpepe (qaiu;e Bcero B a30Te) AO 1000-2800° c. 

TipH aTOM o6pa3YIQTC51 HHTH H3 qHcToro yrAepOAa, qepHhie, 6Ae

CT51Iu;He H rneAKOBHCThie Haoiu;yrrh. CBottCTBa 3THX HHTeli 3a

BHC5IT OT TeMrrepaTYPbl rrpou;ecca - HHTH, IIOAyqeHHbie npH 

1200-1400° C, HMeIOT MaKCHMa.AhHYIO rrpoqHOCTh, rrpH 2500-
28000 C - MaKCHMa.AbHYIO )l(eCTKOCTh. MO)l(HO BhIT5IrHBaTb yr

AepOAHhie HHTH H H3 KaMeHHOyrOAhHhIX rreKOB - 06bJqHhIX HAM 

)l(HAKOKpHCTaAAHqecKHX. 

HaqHeM c HeAOCTaTKOB. YrAepOAHhle HHTH He AI065IT pe3KRX 

H, rAaBHOe, MHOrOKpaTHhIX rreperH60B, OHH He AI065IT TpeHH51 

06 HX IIOBepxHOCTh (B03HHKaeT Bopc), HMeIOT IIAOXYIO aAre3HIO 

K APyrHM Beiu;eCTBaM. Pa6oTaTh c ~HMH rrpHXOAHTC51 aKKypaTHO 

H 6epe)l(HO, H cneu;HaAhHO o6pa6aThIBaTh IIOBepXHOCTb, qT06bI 

IIOAyqrne CAeIIHTh c MaTpHu;eli. 

Ho Bee 3TO He 3p51 - yrAepOAHhie HHTH HMeIOT peKOPA

HYIO yAeAhHYIO rrpoqHOCTh H peKOPAHYIO yAeAhHYIO )l(eCTKOCTh. 
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r11asa 8. Cep/1,L/e 3neKTpOHHOro npu6opa 

11 3TO - rAaBHhle ttx 11pettM~ecTBa. Oco6eHHO ecAH BCllOM-. 

HllTb, qTo 110 TepMOCTOHKOCTll yrAepOA KOHKypeHTOB He HMeeT. 

Ha TaKOH o6'beKT HMeeT CMblCA llOCMOTpeTb llOBHHMaTeAbHee. 

06'beKT 3TO CAO)KHhlH. CaMa HllTb COCTOHT ll3 6oAee TOHKHX 

HHTeM:, Ha3bIBaeMbIX BCAeACTBHe 6eAHOCTll CAOBap51 «qmAaMeH

TaMH». B HHTH MO)KeT 6hITh cOTHH qmAaMeHTOB. AttaMeTp Ka)K

AOro - 7-8 MKM. <l>HAaMeHT COCTOHT ll3 «qm6pHAA» - TO)Ke 

HHTeH, HO AHaMeTpOM y;Ke 0,05 MKM. HHTll, BbIT5lH}'Tbie ll3 11e

KOB, qm6pHAA He HMeIOT. A,All:Ha HllTll ll qmAaMeHTa B 11pllHD;Hlle 

HeorpaHHqeHa, ecAH HllTb llOAyqeHa ll3 BOAOKOH ll AeCHTKll CM, 

eCAH ll3 lleKOB. <l>tt6pHAAhl MO)KHO cqH:TaTb rtt6pHAOM aMopqrnoro 

H KpHCTaAAHqecKoro - B HX CTPYKTYPe ecTh 11paBHAhHb1e 11Aoc

KOCTH yrAepoAa, HO caMH 3Tll IIAOCKOCTH He Ae)KaT yrropHAOqeHHe 

OAHa H~ ApyroM:. TaKaH CTPYKTYPa Ha3hrnaeTcH TYP6ocTpaTHoM:. 

HeKHH aHaAor - 6AHHbI B MHCKe. CTPYKTYPa yrAepOAHhlX HHTeM: 

H3yqeHa llAOXO. 3TO MO)KHO CKa3aTh, BllpoqeM, 06 yrAepOAHbIX 

MaTepttaAax Boo6iu;e. qeTbipe (HAM 1151Tb?) TpexMepHbIX KpHCTaA

AHqecKHX CTPYKTYP· ABYMepHbie, AHHeHHhie H aMop¢Hhie cTp)'K

TYPhI, pa3Hhle pa3MephI H optteHTau;tttt KpttcTaAAOB H 11op... Pa3-

Hoo6pa3tte 11opa3HTeAbHO BeAHKO. 

EcAH TKaHh, COTKaHHYIO ll3 yrAepOAHhIX HHTeM: (KAIOqeBa5l 

cu;eHa AeTeKTHBa AOA)KHa HaqttHaTbCH He11pttey~eHHO, TpeBO)K

HaH MY3bIKa He B CTHAe COBpeMeHHOro HayqHo-11011yAHpHoro Kll

HO) llOMeCTllTb B 11pOTOK MeTaHa ll HarpeTb AO 1000° c, Ha 110-

BepxHOCTll yrAepoAa HaqHeT oca~aTbCH yrAepoA. MoAqa, qac 

3a qacOM, oca~aeTC5l OH •.. ll KOrAa Mhl BbIHHMaeM AeTaAb ll3 llll

p0AH3HOH 11eqll, Mbl BHAHM HeqTo HOBOe. 3TO 11poqHa5l ll TBepAaH 

Beiu;h, KOTOPYIO MO)KHO poHHTh 6e3 pttcKa pacKOAOTh. 0Ha coxpa

HHAa llCXOAHYIO TepMOCTOHKOCTb rpa¢HTOBOro BOAOKHa B BaKy

YMe H YBeAHqHAa TepMOCTOHKOCTb Ha B03Ayxe. 11 He MYAPeHo -

B HeM: HeT Hllqero, KpOMe yrAepOAa. OceBlllllH Ha HllT5lX yrAepOA 

cu;e11HA llX BOeAHHO, B MOHOAHT. flOA)"IllAC5l KOMll03HT ll3 yrAe

POAa c yrAepoAOM. Bo11poc o .B3aHMOAeM:cTBHH HHTeM: c MaTpttu;eM: 

oT11aA caM co6oM:. 



'lro ellle s&1pacrer Ha p,epese, 
HRH BMeCTO 38KRIO'leHHR 

B 3aKAJOqeH1ur rrpHHHTO H3BHHHTheH 3a TO, 3a qTo H3BHH51Th
e51 He eTOHT - 3a TO, qTo He Bee BOill.1\.0 B KHHry. He Bee, 'ITO 

MOr.l\.O 6hI BORTH ... C~eeTByeT AereHAa, 'ITO OAHH HeMeu;KHR rrpo

cpeeeop Ae.l\.a.I\. Ha 3aeeAaHHH yqeHoro o6iu;eeTBa AOKAdA o eTpo
eHHH HeKoToporo, eKa)KeM 10-ro eerMeHTa qepBeR HeKoToporo 

BHAa. 3To 6hI.I\. 10-R e)KeroAHhIR AOKAdA -yBa)KaeMoro rrpocpeeeo

pa. 113 3a.l\.a errpoeH.l\.H, AOArO .l\.H OH 6yAeT H3yqaTh qepBeR :noro 
BHAa. CTpocpeeeop OTBeTH.I\. e AOeTOHHeTBOM - «qepBh AJ\.HHeH, 
a )KH3Hh KOPOTKa». KoHe'IHO, 3TO IllyrKa. 0 .l\.I06oR Beiu;H, o KOTO
poR paeeKa3aHo B 3TOR - H .l\.I060R APyrOR - KHHre, MO)KHO pae
eKa3aTh 60.1\.hllle. TaK y)K yeTpoeHa H3yqeHHaH qaeTh CTpHpOAhL 

VI, KOHeqHo, PHAOM e .l\.I060R paeeKa3aHHOR Beiu;hlo e~eeTBYJOT 
APyrHe (pHe. 3), o KOTOphlx He paeeKa3aHo. 0KOH'IHB H3BHHeHHH, 
rrepeRAeM K 3aKAIO'IeHHIO H.l\.H TOMy, 'ITO 6yAeT «BMeeTO Hero». 

Ye.l\.OBeK BeerAa HHTepeeyeTeH 6yA~HM. Mo)KeT 6hITh, HMeH
HO 3TO H eeTh OT.l\.H'IHTe.l\.hHhIR rrpH3HaK qe.l\.oBeKa? « YeAoBeK 
OT.l\.H'IaeTe51 OT H3BeeTHOro )KHBOTHOrO TeM, qTo HHOrAa IIOAHH
MaeT rAa3a K He6y». 

KoHe'IHO, MO)KHO eTpOHTh KaKHe-To rrporH03hI o TOM, KaKHe 
HOBhie 3.1\.eKTpOHHhie rrpH60phI B03HHKHyr qepe3 rOA, Aee51Th H.l\.H 
eTO .l\.eT, 'ITO eiu;e BhipaeTeT Ha AepeBe 3.1\.eKTpOHHKH (pHe. 3). 
Ho 3TH rrporH03hl - KaK H Bee ITporH03hl 0 B03HHKHOBeHHH HOBO
ro (a He 0 pa3BHTHH eTaporo) eaMH ITO ee6e 51B.l\.5IIOTe51 OTKphITHeM. 

AeReTBHTe.l\.hHO, yraAaTh HOBhIR ITpHHD;HII AeReTBHH 3BCT - 3TO 
H eeTh ero H306peeTH H BORTH B HeTOpHIO, ITO KpaRHeR Mepe -

HeTOpHIO 3.1\.eKTpOHHKH. CToITpoiu;aeMeH, He ITpeTeHAYH Ha H306-
peTeHH51. l.JTO )Ke AO 6yAyiu;ero - HdAeIOeh, qTo y Bae Hy MeHH 
BrrepeAH rro KpaRHeR Mepe xopolllaH pa6oTa H xopolllHe KHHrH. 

Ao eBHAaHHH ! 
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IIpe,l1,CTaBJU1.eM BaM HamH. JIY'IWHe KHHrH: 

Ilony;rnpHbJe KHlffH no ecTeCTBeHHblM HayKaM 

Eocc B. HnTYHnHR H MaTeMaTHKB. 
)J(yKoe A. B. Be3,!l,ecyw.ee 'IHCJIO •DH•. 
)J(yK06 A. B. u op. 3JieraHTHBll MBTeMBTHKa. 33)1,a'IH H peweHHll. 
Ope 0. IlpurJiaweuue B Teopu111 'IHCeJI. 
filuKUH E. B. Or urp K urpaM. MaTeMaTH'lecKoe BBelleuue. 
I'UAb6epm //.., Kon-<Poccen C. HarnR.11Ha11 reoMeTpHR. 
FneiJenKo E. B., Xun~un A. fl. 3JieMeuTapuoe aae.neuue B Teopu111 aepoRTHOCTeii. 
f!i?AOM If. M. Heo6blKHOBeHHaR ure6pa. 
f!i?AOM JI. M. 0 KOM6uuaropuoii reOMeTPHH. 
f!i?AOM JI. M. KoMWJeKCHble 'IHCJl3 H HX npHMeueuue B reOMeTpHH. 
AMl!llbKUH B. B. }J,ulj>lj>epeunuaJibHble ypaaueuu11 a npHJioJKeHHJIX. 
llono6 I'. H. C6opuuK ucropll'!ecKHx 33,!l,3'1 no 3JieMeHTapuoii M3TeM3THKe. 
MocmeJ111ep <P. IlRTb,!l,eCRT 3auuMaTeJibHblX aepoRTHOCTHblX 33,!l,3'1 c peweuu11MH. 

I'aM06 F., Cmepn M. 3auuMaTeJlbHble 38.!IB'IH. 
I'aM06 r. MucTep TOMDKHHC B CTPaHe 'ly,!1,ec, HJIH HCTOpHH 0 c, G. H h. 
I'aM06 r. MucTep TOMDKHHC HCCJie,!l,yeT BTOM. 
MuxaW!o6 0. B. AuroJiom11 noJiy3a6blTblX Taiiu. 
BopoJ1Ct1,06 A. B. IlYTb B coapeMeHffYKI uulj>opMaTHKY· 
CypiJun B. I'. AcrpouoMH'lecKHe 33)1,a'IH c peweuuRMH. 

URSS 

HllK01iae6 0: C. Cl>u3HKa u acTpoHOMHR: lfypc npaKTH'leCKHX pa60T llJIR cpe,!1,Heii WKOJibl. 
llono6a A. n. 3aHHM8TeJlbH311 aCTpoHOMHll. 
FapiJnep M. 3roT npaablii, JieBblii MHp. 
BeilRb I'. Cu111MeTpHR. 
Jle6eiJe6 B. JI. Hcropu'leCKHe onblTbl no lj>H3HKe. 
3iJiJun<mon A. Ilpocrpaucmo, apeM11 u TRrOTeuue. 
3iJiJun<mon A. OTHocHTeJ1bHOCTb u KBBHTbl. 
3iJiJun<mon A. Teopu11 OTHOCHTeJibHOCTH. 
Tapaco6 JI. B. BceJieHHaR: B npocropbl KOCMoca. 
Tapaco6 JI. B. B rny6HHbl aew.ecraa: JKuable ueTIOI, MOJieKYJibl, aroMbl. 
Tapacoo JI. B. 3eMJIR - 6ecn0Koiiua11 wiaueTa: ATMoclj>epa, rH,!1,poclj>epa, JIHTOClj>epa. 

Cep1111 «HayKH 06 HCKYCCTBeHHOM• 

filaMuc A. JI. Iloae.neuue, aocnpHRTHe, MblWJieuue. Ilpo6JieMbl co:mauu11 
HCKYCCTaeuuoro HHTeJIJleKTa. 
Call.Mon r. HayKH 06 HCKyCCTBeHHOM. 
Ap6u6 M. MeTalj>opll'!eCKHii Mo3r. 
Tapaco6 B. E. Or MuoroareuTHblX cuCTeM K HHTeJIJleKTYaJibHblM oprauu3anu11M. 
I'aa3e-Panonopm M. I'., llocneJ106 //..A. Or aMe6bl .no po60Ta: MO.!leJIH noae.neuu11. 
Bapwa6cKuil B. JI., llocneJ106 Ji. A. OpKecrp urpaeT 6e3 .nupHJKepa: Pa3MblWJieuue 

i;!, 06 3BOJIKlnHH HeKOTOPblX TeXHH'leCKHX CHCTeM H ynpaBJieuue HMH. ··=. 
- ;a: li llono6 3. B. 06w.euue c 3BM Ha eCTeCTBeHHOM 113b1Ke. cr.11 

,;n <l>unn B. K. (pell.) liHTeJIJleKTYaJibHble CHCTeMbl H o6w.eCTBO. en, .. •• 

!m PeiJbKO B. r. (pe11.) Or MO)leJieii DOBe)leHHll K HCKycCTBeHHOMY HHTeJIJleKTY. ·~r 

!:u11s.s~riu;;~;s~~tu1ss;nui!iwiiitu111s:·ruf;1~miru1ss:~u~~ 
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IIpe,!1,CTaBJrneM BaM uawu JIY11WHe KHHm: 

CepttH «CttHepreTttKa: OT npowJioro K 6yuymeMy» 

fleHpoy3 P. HOBhIH YM KOPOJHI. 0 KOMDblOTepax, MblmJJeHHH 
n JaKOHax l!>nJHKH. Oep. c aHrn. 

XaKeH r. Mn4>op111anH11 H ca111oopraHH3anH11. Oep. c aHrJI. 

ApHO!lbO B. H. Teopua KaTacTpol!>. 

K!lu.MoHmoBu~ 10. JI. Typ6yJJeHTHOe llBIOKCHHe " CTPYKTYPa xaoca. 

5e3py~KO 5. fl. U Op. flyTb B CHHeprCTHKy. 3KCKJPC B llCCHTH JICKllHRX. 

Jf.aHUJ/06 /0. A. JICKllHH no HeJJHHCHHOH llHH3MHKC. 3JJCMCHTapHOC BBCllCHHC. 

URSS 

Tpy6eu,Ko6 JI.. H. Bee11euue e cuttepreTHKy. B 2 KH.: KoJJe6attnH u BOJJttbl; Xaoc u CTPYKTJpbl. 

KHR3e6a E. H., KypOHJM06 C. ll. OcttoeaHHH cuttepreTnKH. KH. I, 2. 
KHR3eBa E. H., KypOHJ.Mo6 C. IT. CuuepreTHKa: HCJJHHeiittocTb epe111ettu u J1att11mal!>'fbl 
K03BOJllOllHH. 

MMUHeU,KUU I'. I'. MaTeMaTH'ICCKHC OCHOBbl CHHepreTHKH. 

MMUHeU,KUU r. r., flomano6 A. 5. HeJJHHCiittaH llHHaMHKa "xaoc: OCHOBHblC DOHHTHH. 
MMuHeU,KUU r. r., flomanoe A. 5., floOJlll306 A. B. HeJJHHeiittaH llHHaMHKa. 

Kanuu.a c. n .. Kyp0HJ.M06 c. IT., MMuHeU,KUU r. r. CuttepreTHKa " npomo3bl 6y11Yll1CfO. 
MMUHeU,KUU r. r. (pe11.) liyi1Yffiee PoCCHH B 3CpKaJJe CHHepreTHKH. 

MMUHeU,KUU r. r. (pe11,.) CuttepreTHKa: McCJ1e11oeattHH H TCXHOJIOfHH. 

5blKOB B. 11. Mo11eJ1upoeauue KpHTH'lecKnx HBJJettuii e XHMD'lecKoii KntteTHKe. 

'ly.Ma~eHKO E. H. u Op. CeepxnJJaCTH'lttOCTh: MaTepnaJJbl, Teopu11, TCXHOJJornn. 

PeObKO B. r. 3BOJllOllHH, HeiipOHHblC CCTH, DHTCJIJICKT. 

'lepHaBcKuii JI.. C. CuuepreTKKa u nnll>opMallHR (11HnaMtt'leCKaH TeopttH nn4>op111au,nu). 

5apaHu,eB P. r. CuttepreTHKa B coepe111euuo111 ecTecmoJuauuu. 

5apaHU,e6 P. r. u Op. AcKMIITOTH'ICCKall MaTeMaTHKa H CHHepreTKKa. 

THJKUH 11. IO., TepexoB B. A. AllanTanu11 B ueJJutteiiHblX 11HHaMn'leCKHX cncTeMax. 

AHu~eHKO B. C. 3naKoMcmo c ueJJnueiittoii llHHaMnKoii. 

I'yu, A. K., <l>po!loea IO. B. MaTeMaTH'leCKHe MCTOl\bl e cou,noJJornu. 

Typ~UH n. B. Mcropn'lecKaR i\HHaMHKa. Ha DyTH K TeopeTH'ICCKOii HCTOpDH. 

flpu20J1CuH 11. HepaettoeecttaH cTaTHCTH'lecKa11 MexattuKa. 

flpucoJICUH H. OT cymecmymmero K B03HttKa10111e111y. 

flpu20J1CuH H., CmeH<epc H. BpeMH. Xaoc. KeattT. K pemettnlO napRl\OKca epe111ettn. 

flpui!OJICUH H., CmeH<epc 11. IlOPHllOK H3 xaoca. HoBblii llHaJJOf 'ICJIOBeKa c npupo11oii. 

Cy30Mee H. IT. HattoTexttoJJorua: 4>ttJHKO-xHMHH HattoKJJacTepoe, HaHOCTPYKTYP 
H HaHOMaTepHaJIOB. 

HawH KHHrH MOIKHO npHolipecTH B Mara3HHax: Ten./ljlaHc: 
( 499) 135-42-46, 
( 499) 135-42-16, 

«6H0nHo-rnoOyc» (M.flY6RHHa, yn.MRCHH~aR. 6. Ten. (495) 625-2457) 
«MOCKOBCHMil ADM HHHrM» (M. ApOarcKaR, yn. HOBblil ApGar, 8. Ten. (495) 203-8242) 
«MonOAaR rBaPAMR» (M. nonRKKa, yn. 6. nonRHKa, 28. Ten. (495) 238-5001, 780-3370) 

= • er.I 
er.I 

~ 

E-mail: «llDM Hayi1Ho-rexH1qecKoil KHMrM» (fleHMHCHMil np-T, 40. Ten. (495) 137-6019) 
~;= «llOM HHMrM Ha flaAOIHCHOA» (M. 6ayMaHCKaR, yn. flaAOIHCKaR, 8, CTp. 1. Ten. 267-0302) = 
#~ URSS@URSS.ru = ;Ci «rHO:tllC» (M. YHMBepCHTeT, 1 ryM. HOPDYC Mf'Y, KOMH. 141. Ten. (495) 939-4n3) er.I: I! . htlp,//URSS.ru :::::,.:"~:."';'.:-;~ ,:;;':.,"",';,~ 1~ '"" ,,...,.,, i, 
Ml!@URSS:cu'::,l!;;"'~:~1!1,1'LURSS;.IUl:;::':,i1~i~~liill!!!ltUHSS:ru'mt: m UiiiJ?:~URSS:~U+K~ 



YsIDKaeM&1e 1:1uTaTeJiu! YsIDKaeM&1e asTop&I! ~ 
Harne H3.11,aTe!lhCTBO cneuttaJJH3HpyeTCll Ha BbinYCKe Hayqttoil H yqe6HOH ~ 
JIHTepaTypbl, B TOM 'fflCJJe MOHOrpacjmil, )l(YPHaJJOB, TPY.llOB yqeHbIX Poccttil-
CKOH aKa.11,eMHH HayK, HaY'JHO-HCCJJe.11,0BaTeJJbCKHX HHCTIHYTOB H yqe6HblX 
Jase.11,eHttil. MbI npeMaraeM asTopaM csott ycnyrtt Ha BhirO.llHhlX :iKoHoMH-
qecKHX ycJJOBHllX. Tiptt 3TOM Mbl 6epeM Ha ce6l! BCIO pa6oTy no no.11,roTOBKe 
H3.11,aHHll - OT Ha6opa, pe.11,aKTHPOBaHHll H BepCTKH .11,0 THpa)l(HpOBaHHll 
H pacnpocTpatteHttll. URSS 

Cpe.11,tt Bblrne.11,rnttx H roTOBlllUHXCll K HJ.11,aHHIO KHHr MbI npeMaraeM BaM cne.11,yI01Utte: 

Bauc6ypo </J.11., IlaHae6 r.A., Ca6e.nbe6 E. H. 3JielITpOHHble npu6opbl H ycHJIHTeJIH. 
EacKaKo6 C.11. JletmHH no TeOpHH neneii. 
KoHone.nbKO B. K., JiunHUljKUU B. A. Teopul! uopM CHHJlpoMOB H nepecTI1uoaoquoe 
.11,eKOJl,HpoBaHHe noMexoyCTOffquBblX K0.11,0B. 
KOJIOUIUH A. M. u op. HaJeMHaJI OTpa6oTKa KOCMll'leCKHX annapaTOB. 
<IJUJIUH B. M. u op. 0UTHMH3anHll Jl,HamOCTHKH KOCMHqecKoro pa3roHHOro 6JIOKa. 
36epe6 r. fl. OneHKa Ha.11,eJKHOCTH H3JleJIHll B nponecce 3KCDJ1yaTI1nuH. 
Moucee6 JO. A., 'le.nb1U1e6 C. B. TexuonomqecKa11 ua.11,eJKHOCTb CJJOJKHoro Hl.lleJIHll 
H ee OTpa6oTKa. 
CaoblX06 r. C., Ky3Heljo6 B. 11. Mero)l.bl H MO.lleJIH onenoK 6e3onacnocTH caepxnaJna'lennh1x 
CpoKOB 3KCDJlyaTanun TeXHH'leCKHX 061.eKTOB. 
3aulje6 P. 0. )J,uarpaMMHbie MeTOJlbl B Teopuu CBepxnpOBOJl,HMOCTH H <l>eppoMameTH3Ma. 
P6yxuH JI. H. Pa.llHanuonno-cTHMYJIHpoaannb1e H3MeneHnH J1,H3Jle1ITpn'lecKoii JlHCnepcnn. 
IloKJ10HcKuu H. A., BblpKo C. A., IlooeHoK C. JI. CTI1THCTH'lecKa11 <l>HlHKa nonynpoBOJlHHKOB. 
</JpoAo6 K. B. (pe.11,.) CoapeMeHHaJI Tpu6onom11: Hrom u nepcneKTHBbI. 
TUMoUleHKo C. II. Kone6ann11 B HHJKenepnoM .11,eJie. 
TUMoUleHKO C. II. Hcropul! uaYKff o conpoTHBJienun MaTepHaJIOB. 
KanAyH A. E. u op. ANSYS B PYKaX HHJKeHepa: TipaKTH'leCKOe PYKOB0.11,CTBO. 
Mop0306 E. M. u op. ANSYS B pyox HHlKenepa: MexaHHKa pa3pywennll. 
KoAeCHUK06 A. A. CunepreTll'lecKHe MeTOJlbI ynpaBJienn11 CJJOJKHblMH cncTeMaMn. Ktt. 1-3. 
I'ype6u11 .a. </J. Tpy6onpoaoJ1,Ha11 apMaTY)la: Cnpaaoquoe noco6ue. 

Cepttll «KnaccttKa HH)l(ettepttoil MhICJJH» 

Fype6u11 J(. rJJ. Pac'leT H KOHCTpyupoaanue Tpy6onpoBOJlHOii apMaTYJlbI. B 2 KH. 
l(blmo6U'I H. A. MexanuKa rpyuroa: KpaTKHii KYPC. 
Epuo:HCMeH fl. HcCJJe.11,oaannll 6oJibWHX DJ1aCTH'leCKHX .11,e<!>opMannii H paJpbIBa. 
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06 aeTope neoHMA AneKC3HAPOBM'I 

AWKMHA3M 

KaHAMAaT cl>MlMKO-MaTeMaTM'teCKMx HayK, 1tneH Poc
CMMCKoro cl>MlM'teCKoro o6~eCTBa M POCCMMCKOro 06-
~eCTBa coqMonoroe. OKOH'tMn MOCKOBCKMM MHCTMTYT 
lneKTpOHMKM M MaTeMaTMKM. Pa6oTan AO 1995 r. BO 
BC!!COtolHOM 3neKTpoTeXHM1tecKoM MHCTMryTe, c yKa-
3aHHoro rOAa - B >KypHane «XMMM.R M >KM3Hb», M ace 

. epeM.R (Ha'tMHa.R co BToporo Kypca) - B MOCKOBCKOM 
MHCTMryTe lneKTpOHMKM M MaTeMaTMKM. 

06naCTM pa60Tbl, OHM >Ke OCHOBHble o6nacTM nocTO.RHHblX MHTepecoe: 
cl>MlMKa, 3neKTpOHHb1e npM6opb1, coqMonorM.R; ace nepe1tMcneHHoe e 
npMKnaAHOM BMAe, a TaK>Ke npenOAaBaHMe yKa3aHHblX AMCqMnnMH. 
BpeMeHHble nM6o He ocHOBHb1e: anbnMHMlM, cneneonorM.R, Ha14M0Hanb
Ha.R KynbTYpa, HeKOTOpble cy6KynbTYPbl, nMTepaTYpa. ABTOp CTaTeM, no
CB.R~eHHblX nepe'tMCneHHblM o6naCT.RM M ony6nMKOBaHHblX B pa3HblX 
>KypHanax (Hay1tHb1x, Hay1tHo-nonyn.RpHb1x, nonyn.RpHblX, 6ynbeapHb1x), 
raleTax, MHTepHeTe. 
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