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M-26 

Xopomo H3B0CTeH CJiytia~ HcnycH:amrn CBeTa paBHOMepHO ,lUnllfCYil!eMCli 

t1aCTHI.\ei1, rrnr,l\a CKOPOCT:& ea .llBl'llKeHIH! npeBbllllaeT CKOpOCT:& pacnpocTpaHe­

Hlrn CBeTa D TOM :i:e C!JC,ile - 3TO JII3BeCTHblH aqxpeKT BaBHJIOBa-11epeHKOBa,Ha­

Jll8,l\ll!Hi1 60Jlhil! Oe ]~ .• imel!UIIJII8 B cllH3JIIRe qacTHll BblCOKl1L1 3Hcprna. 3Hat!l1TCJl:&'IO 

Me liee H3B8CTCH .l\P.Y rul·i c;ry•rai1: JIICfiYCK8Hl1fl 113Jiyt!CHl1H j):lBH OMe PHO ,Z(Bl1lKY­

J!leMCH t1acTJ11Ueli, Ror,;u llH<.i rrc ; eceKaeT rpaHJIIllY pa3;1\CJia /JJ3YX cpe,l\ c pa3-

l!HtIHl:lMli OI!Tli'iCCRIHill KOHC'l' '.J dTaJ,;)!, nrn~i6ypr Iii <liparm B 1946 l'O'JJS rrepBb!Ml/l 

o6paTHID! BH!1M81IHC Ha 3TOT 3<))\i!eKT l'l ~a;rn CUOTHeTCTBYIOll\YI:> 1·eopHIO /l/. 
,Z\Olll'Oe BpeMH 3TO HBJieliHC 3KcrrepJIIMCH'l'8JJhl!O HG 113y'iaJIOCh BBl1.l\Y TOrO,tITO 

OlKVI,l\aeMoe '!l1Cl!O irnaH·roB Hlll!TOlitHO uano H COCTa BJ!rWT ll]ll1MG]lHO _r_ Z\JIH 

l.57 
O)lllOt't rpaHHl.lhl pa3ilCJia cpe,D.. s 1959 ro.ny T'apHOHHOM Ohl.'JO no1w.::;ano 121 I 
'ITO nepexo;QH OC J.l3JlYl!CHJ.lC YJJI>'rµu-peJIHl'lllBHCTClil1X <rncnrn, ~ OCHOBHOt·• uan­

paBJlCHO nrre pe.n, e PO )IL:'rCilCllB!lOCTh Jli'!HCHl!O pUCTC'r c 3HC ;irndi l!aC1'liULi, 

a CITCKT P 113llY'!CHl1fi :rpOCTHpaCTCH /J,O pC!!TI'Cl!OBCKO!l OUJIO.CTYt l!<lCTOT / ) /. 

3To npe .ncRa3a1rne 11p:rn;ie1mo JJm1;:amie :.>1:cnep11;.1eHTU'NpoB , noc1w111Ky 11oa­

lll!J1ac:& B03MOlKHOCT:& na6J!Kl,il,e mlll cu:.:opo [J C i;exOAH0I'O 1!3JijllJC! l!llll 11, ·:iOJl•, C 

Toro, 6bl.1ll'I BblCKa3UHl:J npeJUHlJIO:o!!e HJIIH Ou !llCITOJlh3LlllHHl111 ;)'1'01'0 11311Y'l<Jllllfl 

;l\JIH M3MepeHl!H aHepn1i1 (l1YJ.I ·1·0 1rnee, BCJJ!ll'!llH G ~ %c2) 011e HJ:> CiLlC'l'J1LlX 

qacTl!ll / 4 , 5/. 

i'letiCTBHTeJI:&HO, B CJiyqae O!ITl!qecK.llX LWC1'0T n pOHHTOrp;i µoBaHJraH no 

BceM yrJiaJA YI qacTOTaM rroJIHaa aaepnrn, J1Icnyc1rne ::uH B rrepm::D/J,l!Oe 11 3J1y-

11ett!lle, c;1ac50 (J1orap11<l!MH'l!e cK11 ) aaBHCllT OT ;mcpnrn l!UC'.l'HU.bl. 
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Ilepex oiuioe HSJiyqeHHe OT peJIHTHBHCTCKHX qacTMn B OilTHqecKOli 06-

JlaCTH cneKTpa 6hlJIO HCCJie]J.OBaHO KlaHOM H COTPY'AHHKSMH / 6 1,KOTOphle ]J.e~­
CTBHT6JlbHO Ha6JIID]J.SnH JIOrapHW11HqeCKH~ pocT HHTeHCHBHOCTH H3JIYl!8HHH c 

yBeJIH<IeHMe111 aHeprnH qacTHUhl. 

TaKaH CJia6aa aaBHCHMOCTb qffcJia KBaHTOB nepexoiuioro H3nyqeHHH CHH-

3ilJia lrnTepec K 3TOJ.!Y lrnJiyqemuo B BH,lll!MOli OClJiaCTH cneKTpa, T.K. C03;!i8.­

HHe ~ T6KTOpa ~aCTHU Ha OCHOBe 5TOrO.HBJI6HHH 3aTpyiuieHO 171. 
~HTepec K nepexoiuioMy H3JiyqeHHfil B BH;l\HMOli OCiJiaCTH cneKTpa B03HHK 

--1;01n. nocJie Toro, xax Orarrec.aH H 11cnHpaH /B/ npe'AJIOmIJIM MeTO]J. yrJionoli 

. ,;h.:::pHMHHallHH nepexo~oro H3Jiy•:reHHH, KOTOpWl Il03BOJIHeT B onrnqecxoti 

06JJac 1·11 qacTOT aaaq111TeJibHO yc1UU1Tb aaBHCHMOCTl> HHTeHCHBHOCTH 111sJiyqe­

mrn: OT SHeprHH qacTHU!ol. 

2 TOT M6TO)J; CllolJI ::mcnepirneHTaJibHO HCCJI6;210BaH B paeioTe AmixaaHHa H 

]J.p/9/. Ha pHc.I np1rne]J.eHa cxei.m ycTaHOBKH. ffyqeJt ::meKTpOHOB c; atteprn­

HMH OT 20 ;no 50 M3B nponycKaJICH qepea CT6KJIHHHble nJiaCTVIHIUI pa3ID!qtt0£i 

TOJIUU!l ibl. Ha pHc.2 np111Be]J.eHa 3aB:HCHMOCTb HHT6HCHBHOCT:H W3Jty•iaeMoro cee­

Ta B Ht!TepBane OT 3500 A 
0 

]I.0 6000 A 0 
OT T01111U!Hhl ITJiaCTY.HKH 'AJIH pa3Hh!X 

3Hepr>iiL 

Ha PHC.2 BH;nHO, qTQ HHT6HCHBHOCTb H3JlYl!6HHH rrpaKTH46CKM He 38BH­

CH T or.· TOJIIIUIHhl nnacTHHKH. Ha6 JilO;!i8.61\!0e H3Jiyqemrn He MOli!eT 6htTb C1lH3aHO 

c l!epEHKOBCKl'IM l1:myqeHHeM, paBHO KaK II c HBJI6Hl'leM JIIOMHH6Cl.(6Hl..\lllil . Ha 

p11c.3 rrplllB6].\6Hlol !tplrn.b!e 3aBHCllMOCTlll HHT6HCHBHOCTl'l CBeTa OT 3Hepnrn !!ep­

BH ' !Hbi.. :JJI6KTPOHOB npY! pa3JIHqHblJC yrJia.'{ ;l\HCKPHMHHaiurn. 

:Lit BHl(rlO H3 plilc.3 · :l'.IHT6HCJilBHOCTl> lBeTa pe3KO aaBHCl'!T OT 3Ht!p!'>llil 

eL me E 4 
rr p11 r1:-i1 c ;rnam.aoti ;21Hc1cpHMlrnaJ.Ull'l - E MeHHe TC!l Ka.K , a He 

:[,;, ' J(aK 3TO l'lMeeT 1.16CTO llpl'l rno6am>HOL1 pel'l'!CTpaUHH ne jJCXOllHO-

ro :1;;: '. UHl'IR .3 n11:11mrnii 06!IaCTH qacTOT. Ha 3TOM OCHOB8HlUl B 8peBaHCKOIA 

cf>l'l3Hqe ·,;tQM i!HCTJll";:yTe C03,llaeTCfl ;neTeKTOp qacTHU c V;Cl10JfL3 0 BaHY!e M rre pe ­

XO]I.HOro l'l3J!Yl!6HHH B Blil;llHMO~ oonaCTl'l. McITOJil>30BaHHe OITTl'll!6 CKOT'O n epe­

XO)J;HOro )113Jiyl!eHHff 'no3BOJIHT 06nerq11Tb 38MllY H]J.6HTHWMK8IU'IH '!aCTHU B JUI-
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rep!381Ie 6 = o/mci. :'.li! ~102..;..S IO: Tex, per1rnTp11pya onTn1u1xoe nepe­

xo;iu1oe •S~YlJ6Hl'le B 2000 npospaqHHX nnacTHH, MOIDIO c 3<f.xileK?llBHOCTblO 

ZO%, 6~ l'l 100% pel'llc!pxpo:aa.Tb nHOHli c Hl!Tiyn:r,caMJI 50, 80 H IOOI'an/c 

coo!lleTCT:BeHHO. B T0 1xe 11pewa a<lKJ)eKTl'IBHOCUi per11cTpaJ.IWIH n poTOHOB apH 

Tex llle IUlllyJt:bCa.K COCTaB;tHeT"'l- iO _ _,- ' 2. 10-4 • 10-s ' a KaOHOB -

6.10-4, 3.10-3 H 10-z COOTB67CTB6KHO. 

KOHC!pytcl.UIH ;neTeltTOpa llM86T C116;21YIOllUllt B.ll]J. ( llfC .2). 

Cxo11cTaa opella ,l\1111 yueXbllel!llll llOTCpb paaOHBaCTCH "a OetlQllll. 

tlsnyqeHxe B KaXllOll 11a cexIUrit 81ICTe11ott aepKaJI 3 M ]J.BJX n11H3 pyCJ1-

Pf6'1CH xa cJ)oiro.ICaTO]I.lol ~81. Ilpll iTOlr! l'l311yqeHl16' HCilytll6IiH oe nOA Jr.llOM 

qJOKYCHpyeTCH B KOJII>UO C ;l.li(8MCT1JOllI d; 2 f t3 e aua11orKl!llO qepeltKOB­

CltllM cqeT•-IHX8JI. J\lfa1!parw :b n03BOIIlie T pel'.llCTPllJ>OB8U> \f.lO'lOlllll, Kcny-

111;'3HH!i6 TOXbXO B OITpe,l\eJieHHOll rrnrepnaJle yriIOB 0 - e t qTO Il031!0J»&er 

c BliCOlCl'IM paapeseHKew ll;l'6Hl'tlWHUKPOB8TL qacrr.uH B MOllOJllffiJ.lr!oHlil: fiY'I~ 

Kax. J{eT0lCTOp, llr.16l()il)llt ftl.KJIO itOHC!PfltUHll, ~ H8CTOHl!ltttl B~ llCCJie;ziy­

e!'Cli Ha 3.11eJCrpm;:110M cK~xpoTpom: APYC. Ha.no O]Ula.KO 38.MeTKTb, 'ITO coana­

HHe ~e1'6R!'Opa Ka OCHOBe nepexo;nHoro H3XyqeHHH B OITTl!'l6CJtOtt O~Jia~ 

•acoroT conpRlleHO e orrpe]J.eJieHH!olM.11 TPYl-iHOC'ffiMH. Ylff!TliBruI c~aOyD BHTeB-

011BHOCTI> xcnycKae110ro CBe!'a, ].\eT6KT0p ]J.OJ!llreH COCTOHTb i13 c50JII>moro 

qJICJia m1aCTl'lll, paCCT8BJl6HH!olX Ha pacCTOHHHHX, npe:BHMlalOOlHX paa111ep 30HH 

WOPMHpOBaHllH 11anyqemrn B Baxyyrae. ITpH 60Jibl!IIDC a11epm!lx ne pBHlitiolt qao{ . 

r1:1nli AJIH~a SOfil:i wopMHpoBaHllR cTaHOBHTCfl 3Ha11HTe~:r,11oli l Q1o MOJleT nP11-

BeC?M K 3aMeTllO!il'.Y YB6IDl'leHKIO pa3M6p0B ;lleT6XTOpa, KaK >&TO- OliJIO OTMe­

~eHO ~paHKOM /IO/ B era H~CieJieBcxoU JieKIUIH. 0]I.HaKO, ecJlll npeHe6peqb 

H3JIJ"l6HH6M, HCITY1!16HH!olM IlO]J. oqexL M8Jllill!H yrAaMi'l, r]J.e 30H8 WOPMHpOBaHMH 

oqe11:r, Berurna , a q11cno iI>oTOHOB oqeHb MaJio, TO p a3Mepia .neireK'ropa MO~ 

Otftl> cy111ecTB61IHO . yMeHI>lll6Hlol /II/. 
B OTJIJ!qHe or Bll]I.HMOro cBeTa rJio6aJibHDe peHTI'eH013CKOe rrepexo.n­

HOO '13XJ"l€HHC He TOJlbKO JDllICliHO aa~CHT OT ::rneprHH nepBl'l'lHO* qac-.u1i1, 

HO 1:1 o6xa]J.aeT MaJIOl!. BCJIHqaHOlt 30HLI <1•p1.a1poBaHHH M3JlYll6Hl'IH B ~yy~.IC' 

- ) -
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'!TO noaBo.1111eT'11a Tol •e cairo« ;zimtne ycTaHOBllT:& anaqHTeJH>llO 6o;u,me 

rpaHHU paa;n;eJla ,epe.llhl, '16M B CJiyqae OIITHlfeCKJIX qacTOT, H I!OJiytlll'?l> Te.11 

ca1.1iw 6oJI:&mee '!1fCJIO KBaHTOB IIepexo.n;uoro HaJiyqemrn. CorJiacHo Teop1n1, 

30l!N ~OPMHPOBaHHH peHTreHOBCKOro nepexo.n;Horo H3JiyqeHHfl B cpe.n;e II B 

BaK,yyMe MO!'yT 6HT1> oneHeHH H3 ~OPMYJI 

C/ . 7W 
Zcp ~ I 1 8

2 g_ ; Zear.. ......, 
2 ·-B + +u.J~ .me r 

<;/w 
1-132+ ()2 

r;n;e E = Vf 2 - a.11epl'1ut IIepBK'!l!O~ 118.CTJU:~H; <T - KBa;n;paT m1aa111eH--p 
HOi! 'iaCTO'TH CT-:: 4JT N e/m ' aJ - 'laCTOTa HCIIYCKaeworo peHTre-

HOBCKOro 11uy11enxa, e - yroJI X3JlflleHHR KBaHTa ( 06wi:110 "V YI -fi.! ). 
Corxac110 rapmdHHy H EapcyxoBy 12•31, U6KCHMaJII>Hoe 3HaqeHHe 3He~l'llH 
i)OTOHOB ptHTreHOl!CKoro nepexo,IU!oro K31Iytli1HHR MOEer 6HU oueHexo Iii 

!!pOCTOli WOPll!Ylll>! A Jl. ..... I !';::; £ 
?..o.:ut - vv -2 

3 
J.{JIH O : 5· /0 

I l?1 C 

' '!TO COOTBeTCTByer 3AeKTp0HaM c 3Hepn1H,.. 2,5 I'aB, 

h~IOO KIB. 
.3 

liAR 0 :: S ·/o QllilfKa IlplllBO;l(l!T K CJ1ep.y101uui1 3Ha'!el!HflM 30H '1iOPMilpO­
Bal!H1l l! tpi;11e H B Ba.11111yue: 

~<!p -- j~llA<.Pt)ff 14: zi.u:=- /co~/'""' 

lepBa11 nO!l~ tKa xa6lll'.l.JJ;e11KH peRTreHoBcKoro rrepexo;n;Horo xaJ1y11eH11H 6NJI~ 
Ipt,ll;Ilpl!HRTa B pa60Te 1121,B KOTopo~ 6HJr peamtaOBaH npoeKT 3KORipHMell­

ioe., llP~.:V!OXIKHOro B 1131. B nocne;n;Hee Bpe»R peHTrettoBeKoe nepeXOAHDe 

Ha~111e11xe, Hutly~eHHoe Kpa~ae-peJIHTHBHCTCKHMH qacTH~!Ulll, 6NJ!O HICA8,Z\O­

~aHO B pa6oTax 114- 171. 

DaH:& • IOTP¥.l\lil! JCH 114/, nporrycKaH rry'!OK ITOIHTpOHOB e !Heprt1ex 

' r, -

- ---~l 

2 rsB qepe~ CTOITKY t COCTOHlll,yD H3 231 8111lMl'IHH6BliX @OJ!l>P C TOJllIUIHOU 

25 MHxpon, peI'JlcTpJ!POBaJIJI peHTrexoBcKoe Hepexo;zUioe naJ1yqeKHe c no-

111o~i.D rep111aJ1HeBoro ;n;eTexropa. IlyqoK no3HTPOHOB nocJ!e npo.:ox;n;ettaff 

CAOHCTOO cpe.llhl O!JCJIOHHJICfl B CTOPOHY OT ;n;eTeKTOpa 111arttli1TllliM nol!.eM. B 

yCJIOBHllX HOrO om.rra 3(fxpeKTKBHOCTl> perHeT parorn OT,Z\eJI:&HliX IT03HTpd!iOB 

nocpe.llCTBOM nepexo;zUioro H3J!Yll&llllH cocTaBJlllJia 27%. 

Ha pwc.4,5 npaBe,lleHH yrJioBoe B aHepreTHqecKoe pacnpe,lleJleHHe 

qio~OBO~ neptXO,llllOPO H3JIY'l61DIR npu paallll'IRHX nepBH'IHl:ilX •HeprHflX 3Jl8K­

TPOHO~ 4,3,2 K l raB /I?/. Kait 3TO CJ16,lly6T HS Teopim:, C yl!eJI](tl6HK8111 

aHeprmi aepBH'lHlil 11acTH~ yrJ10Boe pacnpe,lleJieHHe c~eTcfl H 60J1Hafl 

qacri. {jloTOXOB HCnyoxaeTCH B npe.11enax oqeHl> MaJlliX yrJ!OB. T!UC, HallPH­

Mep, ITJlll r~ 4 ·/0 .3 OKOJIO 2/3 BC6X WOTOHOB HCilYCKaJITCH B npe;n;e:aax:. 

yrJioB O,Is0• 

B pa60Te /IS/, Ha6mo.JJ;!Ulll nepeXO,llHoe HSJIY'lle RHe, Hcn10Kae111oe 

aneKTPOHaMll c axeprHHKH OT I .llO 4 raB npH npoxox.11eHHK qepea . CJIOlll­

TYJO cpe;n;y' ca: TOH11!1D HS IlJiaCTHHOK nomrSTHJieHa 'qJICJ!Olo! OT KeCKOJll>•IUC 

coT .llO IOOO. PeHTreHOBcxoe maJiyqeHHe pel'BcTpHpo:saJ1oci. c no1110U1DD To­

pOH.llaJI:&Horo KpMCTaJ!JIJl'lecKoro CLUIHTHmlHTOpa Cs :J (re) c oTBepe!HeL. 

B ~eHrpe, 11epe3 KOTopoe 6ecnpenRTCTB6HH0 npOXO,ll)UDI nepBHqaue SJl~K­

TpOHN (0111.pnc.6). Ilpli1 3TOM, no aHaJIOI'HH c ;n;eTeKTOpOM OilTK~ecKoro ne­

pexo.JJ;Horo H3JiyqeHKfi, rrpOK3BO;!U!lllaC» yrJIO:BaR ;D.HCKPHMHH&Ulfl ~H ycHneHllH 

3aBJICKMOCTH qgcna M3JIYll6HlllilX KBaHTOB OT 3H6pI'HHo TopCll;ll!l.Jll>HaH WOpMa 

C~?lT-HAJIRTOpa Il03BOlIHJla perKC'l'pt!pOBaTl> 4JoTOHN, HCIIYQIHXHe B H!ITepl!Me 

yrJl4'B e, :;;> f9 ';> (9l , 0Hpe,ll6llff6MOL! BHyTpeHKHAI JI BH6111WBM ;n;HatmTplUlll 

lltf4H'?)f]llIHTOpa. Kax CJ!e;n;yn• H3 pwe. 7' aqxpeltTHBHOC'l'l> pel"llCTPB.lUDl 3.lleJC­

TPOHOB TaKHM ;zi;eTeKTOPOll 111111eeT peaxyro 3al!llCKMOC'?l> {)T aHepl'llH, npwq1M 

c yY6H:&meHKeM (}z •Ta aaBHCllMOCTn CTaHOBHTCR peaqe. 3/IJilleKTKBHOCTl> 

perHcTpaLUIH aJ1eKTpOHOB c nOMO~l>D nepex~;nHoro H3JIY116KHH 6NJ1a 10%. S-ra 

a(1¥l.ieK"1BHOCTl> MOlltilT 6HU :n1a'll!Te'm.HO y:Be:.U111tt18. aar.iexo« KPICTaJl.la 

(sJ(T.e) .n;pyrHM, cnoco6Ei1111 .llCTeKTHPOB!l!» p&KT1'6HOBOKHe KBtul!'!l B 
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II. 
' ""'•""" IC>-30 ..... ll)!eXT .. ROe>> "'"'- """"' <1BT> ,..,.•••• • 

ente 38. C"!JeT YB6JIH"<Iemrn '!KCJia l'PB.Hl'Dl ll83.JW,.ta Cpe.1{, <wiaRO HCilOJu.30Ba.HXe 

orpouaoro "!JHCJia nJieHoK He MOliCElr 6If.rp J>6aJI.lfaoBaHo Jra-aa norJio~ea11a wo­
TOHOB B CaMOV BenteCTBe CJIOHCTOtt cpe.ztN. 

3To oco6eHHO KPHTHqHo, KOl';lta HB.M HylitlIO H3BJI6"!JJ, x ~apeI'Jl:cTpxpoBaTP 
KBaH!'N MHl'Koro ~HTl'eHOBCKOl'O H3JJY1!6Hl(H. B t{SCTHOCTH, 3TO oqeHI. BallllO 

]{JIH 'lacmn c l < /0
3 

,H~1»1rrep, IIXOHOB_ c 3Hepmsµm M6HI>lllll.!OI, Tl6ll 
200 I'3B. 

~KR 3TOI ll6JJX B EpeB8J!CROll \PJµ3H"!J6CitOM HHCTH1]i'6 C03;lta.6TCR 3Jftl• 

'' 1.liT .1{6T6KTOpa nepexO,lUIOl'O H3JIY'l6HJHi B KOTOpo.11 .HC,IlOJI:&ayeTcH l46T0,1l 

xapaKtepHCTllllecxoro H31IY'!eH~a, nl)e~JIOJJeriHwt HaMJf ente n I96I ro'IIY/I3f. 
' I Ha pxc.7 npHne,l{eno cxe.11a!l!'lHO ycrpottcTBo aToro a11e11eara. Cxonc• 

Taa cpe.ita (CC), n KOTopol dscrps~ 'lSCTHitN o6paaYJ)T nepexo,!Ufoe X3Jzy"<Je­

HHe, IlOMeJi16.e'l'cH B KOHTett~ep, 3aJlOJIH6HHHit raaou.'."'nOl'JIOTJlTeJieM. Pea'!'re­

HOBCKoe nepexo,llHoe HBJiytreHJie c aaepl'lfelt, PaBHoit ff.Jill 60JI:&llle'tt aaep1'H11 

K-Kpaa nonoeu norJiol!leHHH aTOMOB .raaa-norJIOTHTeJia, o6paaymT xapaxre­

PHCTH'lecxoe 11a11yqeHJrn c 3Heprneia Ek ~ qacn arax KBaHTOB perHcTpHpy­

eTca I6 C!iHHTHJIJIH!{HOHH1:&11 cqeT'lHxa11x Cs :!(Te) , rroMel!leHnNMH n.ito.11:r, 
KOHTeltnepa. 

CJIOHCTaH Cpe,l(a COCTOHi' 113 1500 ITJi6HOK Mabapa paauepaMH 3 X 3 X 

ro-
3
cu

3
, pacnoJio~eHHWC Ha pacCTOHHJlK 2,s.10-2cM APYr OT 'Apyra. B xa­

'le cTBe raaa-rrOI'JlO'l'HTeJia HCll01IbS,eTCH KpHnTOH HJIM KC6HOH, y KO'fopmr . 

K-KpaM paBeH I4,3 K3B H 34,6 K~~ C00TBeTCTB6HHO. 3aMeTHM, qro HCITOJ!l.-

30B8HHe aprona n Ka'lecTne r a3a-norJiorxre11a H noJiyrrpono,1{HJIKOBliX .iteTex-

TOpon, crroco6HI:iX perHCTPHPOBari KBaHTH c 3H6PI'H!IMH 
3 Kan, lt03BOJIH'l' 

perHCTpHpOBarr, ITHOHli C HMITYRbCIM!H 50 I'3B/C. 

B OTJiH'lHe OT rrpe.ztN,llyU(MX pa6oT, l',lle nepnHqHaa qacTH~a TeM HJIH 

H_HW( cnococ5ou OTBO,llHJiac:r, OT ;ileT6KTHPYIOl!lero YC'fpollcTBa, AJUOCaHHH, lo­

PHXR.M H .ltPYl'He B pa6o'fe /I6
/npo1rnB0,1UfJIH per111cTparuuo KBaH'fOB H rrepBHq­

HOU 'iacunu c rroM~l!ll>!l crpm.:epnoil xa11ep1i1, na110.uenwoti CMecJiD He -+ J\le 
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c ):(o6amcoM Xe. 
Ilpem.1YII16CTBOl4 3TOl'O Mf1T0):(8 HBJffieTC!l TO, tr.1'0 B OJ_\HOM II TOM lite 

npw6ope OCY111CCTBJI!l6TCH paa;neJil>B8.ll pemcTpanlifil runt 1.rnnyqe HHR, TaK H 

nepBHt{HO~ qacTHJlN. 

BJiaroJ1apa •'l'o?Ay, 'llTO ICBaHTH rrepexo,l{Horo peaTre11 oncKor o 1'13;iiyqe-

HHll :itcnycKaDT,Cll l!O):( oqea:r, JA8JIHWI ;'fl'Jia.MH, CJI6):(0138JIO Olitl/l;!\aT:& ll0HBJI0Hiffi 

B;ll;Oll cne~ nepBHlJH0£1 qacTHIUJ KOpOTRIOC c:ne;n;oB qiormmeKTpOHOB, 1308!11.i­

KaIOl!IHX B raae Kruaepu n peayJI:&Tare norno~ea111a cPOTOHOB. ApyrlllMH cnona!.!H 
. . 3 

CJie,l!N 6ucrpwc qac'l.'Hll, c f ;.. JO . ;ll;OJlllU!bl corrpoBOilt;na T:&CH cPOT03JI6KTpOHaw.1 
. ' 
paaJmqHJilX 3Hepl'H£1 H llHrJill,1{6'1':& 11 JIOX!AaTHMH11 B OTJUf"•rne OT qacTH~ c 1ta1I1•· 

MH 3HalJeH.HllMH Q . IlpH H3B6CTHOM HMllyJII>Ce nepBH'iHO£t qacTHUli CTeneH:& 

11 JIOXllSTOC'?lf 11 M0llt0T Cnym!Tl> Mepot'l MaCClil lJSCTHUbl PI, no Kpal1Heit Mepe, 

!l03BQmITl> H;ll;6HTK~Hl(HPOBaT:& 'lSCTHUli yJihTpa BliCOKHX 3HeprHH. 

Ha p;ic.8 np:111Be;netra cxeMa ycTaHOBKH. Cna6uit nyt10K aneKTPOHOll c 

B8.PJ>HJIYf3MCllt 3Hepme!t npOXO,Jij!Jl qepe3 CTPHM6pHyJD Ka.Mepy paaMepat.m 

80 x 20 x IO cu3• Cno:111cTrut cpe'Aa,, cocTOffilt8R :111a nnettoK noJIK3THJieHa 

TOJ!lllHHOIA 45 l.!Hi:tpOli c paCCTOflHH6M M6llt;z\Y HHMH 500 1urnpoH, 'IHCJIOM OT 

H6eK011f>KHX COTeH ,1{0 TlfCHlJH IlOM6l!IS1ISCl> Ha paccT~~HHH II MeTpOB OT OK­

Ha CTPK¥epHol1 KaMepN, npe):(CT8BJIHIOll,l6l1 co6o£t nneli~ Mattnapa TOJIJJIHHOl1 

IS MHKpOH. Ha pHc.9 npaBe):(eH TfinH'IHlitt cnyqal1 c:neha 3Jl6KTpOHa c 3Hep-. . . 
rHeit 2 raB VI ;D;BYX CJI6,l{OB <Po'l.'03JI6KTPOHOB, o6pa30:Bat!Hb!X ' peHTl'eHOBCKHMH 

K:eaw.rai.rn, rr01rn;zt11110My, Ha aToMax Xe. 

. - __ ] 

B Ta6JIHne I npHBe,l{eHH peayJI1>TaTH nepnot.! cep1m tta6mo;n;eHHl1. B 

n&pBOH KOJIOHK6 ;naHbl xapa"K'!epMCTHKa CJIQHC"TOH cpe;n;bl Ill KOJIKt{CCTl!O ):(06aB­

Ji6HHOro )(e 'BO BTOpol1 KOJIOHK6 - HMilYJihC 3Ji6KTPOHOB. B TpeTLel1 KO­

JIOHKe npK'Be):(6HH . 3HalleHllJH aiti\f!citTHBHOCTlll pe rHCTIJe:HH TIC pll;rqf!JiX qacTIAU 

no nepexo):(l;IO!.IY l'IBJIY'i6ID'IJO, a B qeTllepToll KOJIOJIBO - cpc:n:aee t1:111cno aa­

perHcTpHpOBaHHHX nepexo,l{Hb!X KB8HTOB Ha o;nay rrepBl1llHY~ qacTHuy. B 3THX 

;n;aHHliX yw.e· Y1l"f6H cPOH, Bbl3BaHH~ TOJlM03HUM H3Jryll61!HCM B TOM me HHTejr 

BaJie qacTOT H 3Hep!'l'1llHlolhlU 0 - 3JI6KTpOHa.MH, 06paaye1.1blMH B raae KaMC-' 
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I 
pu • .113 Ta6mu~u BH:ztHo, '!To npJt aHeprnu nepBlil'!HHX aJie.KTpoHoB, pa:eaot.t . J 

2 1'313 ( <l" ;: '1· /0 ) ' S\Mlelt'l'JnmocT:& perHcTpallHH traCTH~ ]lOC!l!Hl!ae:r 

60-7()%. He UO;l!JieZHT COMHeHHn, trTO 3Ta aqxpertTHBHOCTD, paBHO Klllt H 

cpe,llHee '!J1ICJIO 3apeI'HCTpHpo:aamtmc nepeJCO,llHblX I\Ba!JTOB, MOJWT CiLI!l.'1> 3Ha­

'i11TeJI.OHO yBeJIH'DteHh! npez .11e Boero aa ctre:r yBeJIH•11;H11n tracJia UJfeHoK 0.110~ 
Hc-.rott cpe,llL!. Kpo11e Toro, .qoOxo~MO YlleJ!HqHT.o Be POHTHOCT:& lIOI'JrOUjel!}UJ 

rrepexoAHEIX <.PoToaoB B raae itrpxuepHo~ xauepu aa C'!eT BBe,lleHHn .llO~a­
BOIC ,21pyroro raaa, Hanpmiep, 1tpH!n'oaa. Jle«"CTBHTeJIDrrn, B HalllJlx ycJio:eu.­

Rx aqicpeKTHBHoe norJiolllenxe o6ycmmJieno llJmcYTcTBHe11 Xe , xpa.tt noJioou 

ifOI'JIOillSH.IJH KOTOporo paBCH! 34,6 KaB. fi03:l'Olly ifloTOH!.I C 3H6pI'Hfll4l1 Blilllle 

;yKa3aHrroM norJIOlllaJJHc:r, 3aue:rno B o6:i;eue ·xauep1i1. ~o6aBKa I<~ .llOJillrHa 

· cylJ{eCT:BeHHo yBeJJM1u1:r:i:. '!Hc.110 lfloroaJrercTpoHoB aa ctier rrorJI0111eHHH cpoToapi 

c :meprneU E 7f xt > E > £,..~. Oco61iltt lfll'.repec npe,llcTaBJI1uiT MHH!i!e, 

'l?OJiytremn.re B ::nott psi6oore' ltOI';lla BM6CTO C'IteIUfaJIDHO COS;llailHOM CJIOHCTOI 

Cpe,llL! c5LIJI IIOMelJ{eH nerrnrrJiaCT TOJIU!HHOM 2 °r'p/o,f!.. Ha Tac5.11Hztll I BH,llHo, 

lf!'O 13 STOii CJiytlae atiXPeKTHBHOCT:r. pe°rHCT}latUJa ,ltOCTHl'llJia 87%, a Cpe]l!Iee 

'!ffCJ!O aapel'HcTpMpoBaum~ WOTOHOB Ha 0,ltHy llPOXO]tHl!l,y10 IJSC7Hey OKOJIO I. 

Kruc ~3BeCTHO, rreworrJiacr He HMeeT YIIOPff.llOlleHao11 CTPYKTyp1>1 H 06paaoBa­

HHe Hepexo,llHoro Kl .llyqemrn B 3TOM CJiyqae I'OBOPMT 0 TOM. llTO HeT He­

Oc5XO)U!11ocr11 B rrepHt1J.(H1JP. c~Ro/.f CTPYKType pa;!tiJaTopa m: pexo]lHoro 11anyqemrn . 

.lf a rrprucTH'!ec1rnx coooµa~amt ncrroJI:r.aoBam1e rreHon1IacTa B Ka'!e cTBe pa,mr­

aTopa nepexo~aoro peaTreHoBcKoro nanyqeHJnroqeH:r. npnBJieKaTeJIDHo KaK 

H3. C006pallteHJ1l1 npocrorw H ~illeBH3Hl>I, Tax H HC!!OJ11>30BaHHll 60]!.0ll!HX TOJ!­
l!lffH H paauepoB pa.iuraropa. 

B llHTOH J{O]!OHKe Ta6J!Jlltlil IIPHlle.ziem.i patqeT.111i1e 3HaqeHHH Cpe,JtBero 

'IJ1c.11e perncTp11pyew.oc rrepexo,JtBl>IJC \{l0Tono11, Bli'lXCJremrae no cfloPllYJie Mii 

HH!eHeBBHOCTRJ nepexo.IU!oro H3JlytleHJ!fl, 06paaoBaHHOI'O B C1IOHCTOM Cpe,Jte 

COI'.llpCHO pac5ote I'apHtfHHa /IS/. KaK Bff.ztHO Ha T86JIHI(1i1, <>Kcrrepm.1eaTau­

•He a.!16i1(eaHn B 3-4 Pfla .liJl.Je TeopeniqecK.llX. Taxoe pacxom.zienHe MOJCer 

- t o -

6rnt. o6yc'10BJI6HO KB.K TOM, uo 'laCTl! 113 oelpaamnummxcn cpOT03lI6KTPOHOB 

lllOl'Jla 6blT1> H63till:e'leHa H<J-aa KOpOTROro npo6el'a B CTplUlepHOH K8.llepe, 

Tlilt H. H6,lt0CT8.TO'!HO TO'lHID4 yqeTou norJr~6HHH KBa.HTOB nepexo,iuroro H8Jiy­

'leHli!H B CJIOHCTOH cpe.zie. 

1IO'BH.ltlill!01i!y' rrpm.ieHel!lie aJieKTPOHHO-OJ!Tlil'!eCKOI'O rr peo6pa3013aTeJIJ'I 

6y;u,eT »oJiean!lM .l!JIH 06HaPYJCeHHH H P6I'HCTP&JnlH Kope:irRHx CJie;l!OB <.PoTo­

aJ1eKTpOHoB, oOA3aHHHX norJio~eHHD B .raae Cpal!Hl4!116JII:.HO llllI'KHX l«Ba.HTOB. . . 

-Bo BTOptni ceplqi Hac5!1I1J~erunt c51Dia HCllOlfLPO'.BaHa Ta lie YCTaH OBKa, TOJl:&KO c 

nepe,it ctpm1ep1rn.tt 1m11epolt 61i1Jia ycTaHOBJieRa 6o;umaH TOJ!Jlla neHonJ1ac:ra 

II rp/'OJi. 

B !'e.6Jllil~y 2 CBe;zt~Hbl .ziaHHHe ' rr o.nyqe.HH!ie B 3T°'1 H03Hl.lHH, a 711.ltlte 

B KOHTJJ01I.OHOn noaHnHH, KOI',lla BM6CTO n opECTOI'O rreHOIIJiacTa UOMe~8.Jlaci. 

nJfaC!'HHa rr.noraoro Bem~c'.l'lla. -B nocJre.ZJ;HeM c.nyqae orrpe;ziexHJIOC~ ~HcJio 

~OT03JI6XTpOHOB Ha O;ltlly np0XO;!IHll1YJO qac,,.ul.ly , odpa~oBaHHblX peHTreft9'BCKll• 

Ill! \{lO~OHaMH TOPM03HCI'O B!JiyqeID'IH. Kax BH.ZJ;HO HB' Ta6Jlllnli 2, . 60JIIlllHH­

CTBe CJiyqaeB He c5H.1!0 3aJ)61'1lCTJlHPOBBHO HH 0,llJIOro @oTOSJ!eKTp•Ha . qHCJ!O 

e.Jiy;iaeB, Kor;zta aaperHcTpHpoBauo 2 WO TOSJI6KTJJOBa, cocTaB1IHeT oKo~o 5%. 

B npOTffBOIIOJIOliCHOCT:& STOMy. KOI',lta qacnnta npOXO.ltliIT !IOpHCTYKl cpe,Jty 

:a no.naBJifflOUj6M 60JI1>lll'1HC:l'Be Hac5JIXJ;ztaeTcli 2 H 60.n.onre <)01'03JI6lt'l' j•OllOB, qllC­

.1:0 ita,llpoB, :itOr,lla ne 61i1J10 aapemcTplilpOBaHo MH o~of'o woToaJienpoaa , 

COCTaB.nffeT M8H:&llle 3%. Ha6.1IJO;!l8.J1HC:& CJIY'laH , KOr~a Ha 0.lllfOM Ka.npe 6~o 
6 x c50JI:&rue WOTOSJieKTPOHOB. 

· Ha pHc. IO rrp1rne.neno pacrrpe.J!eJieHHe l!l'I CJia c.n1'!aep c t:anHDlll 'lHc­

JIOM i)OT03J16ltTpOHOB KaK ,llJill lIOpHCTOJ.i cpe.itu , TaK H
0 

.ll1lH CIIJ10111lO.ll . PaaJIH­

~He B ~acnpe.zie.neHHllX He COCTaBJflleT COMHeHHff B TOM, 'ITO llOpHcruU IIeHo­

nJiaCT ffm!BeTCff XOpOlliHM pa,llJlaT opou pen~reHOB CKOro nepexo}!HOI'O HaJiyqe-

HffHo 
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3 a R JI ID q e H Ill e 

I. Hs Bcex MHHlilX cJie;zzyeT, 11To MHTeucRBHOCTl> peHTreHOBCKoro ne­

pexo,llHoro 1rnJ1y•1emrn mrne£!Ho saBlllCHT OT suepnm nepB!411HO£i qacnn:ui1 B 

COOTBeTCTBIU'I C TeOpHeH I'aplllc5Hlia / 2/ • .•• 

2. <i>OTOl!li peHTrOHOBCKoro nepexO].{HOro :if3Jiyqemrn 1.10ryT Cll:ilT:b ITOJIY­

'!eHl:il B 'lHCJie. ].{OCTaTO'lHOM :ztnll HCllOJl:b30BaHHll B ,lleTeKTOpax peHTI'OHOB­

CKOro rrepexo,llHoro H3J1yqeHHH. 

3. PeI'HCTPUUHH q~TOHOB H nepmi:quott 'l8CTMU~ B cTpHMepuo£! Kauepe 

r.!OllteT Clii'l':b HJilOJl:b30BaHa ;l\JIH Hl{eHTeiP>raaJU!H 'laCTHI.t B CTPYHX 14 3Be3)(ax 
\ 

npH 3HeprHHX qacTHU, BXO].{R!IIP!X B HHX 200 I'3B H 60JI:Dme. 

ABTOP C'IHTaeT CBOHM ,llOlll'OM Blipa3~Tl> r71Y60KyD c5Jiaro)(apHOCT:b 

A.U.AMaTyHR,r.M.rapH6HHy,M.Il.]opzKHHy H A.r.oraueeaay aa noJiesuae 

o6cyir;,iteHHH. 
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llp,J!IIHCJI X I>JicyHKSll 

Pnc.I Cxexa ye1raaOBKH AJIR pePHCTPauJI~ nepeio'AHQfO aa~yqeHXH B Ol'l'nl-
1 . 

qecKoit 66JiaCTH qaeTOT 

p~~· Sal!HCl'l!.!OCT:& HHT6HCHBHOC'?H H8Jlyqae11toro CBe'!la OT TOJIIlll!Hl:l IlJlaC211-

· ttoK 

P.J.c.3 ~BHCHMOCT:& HHTeHOHBHOCTH nepe~o~ro lf3Jlf11'6HHH OT 3H8Pl'llll 

nepBHqHhlX 3JI6KTpOdOB IlpH p&3Jli['UiHJi yr~ipc .lUiCKPHMHHaLiHH 

PJ!c . 4 .l(eTeKTO.P Ha OCHOBe Ollfi'Jqec.!Ol'O DepeXO,IUloro ~·~eHHli 

?J - ;zuraqip~, JI -DIH3A., 3 - aepkaJio 

PHc.5 YrJIOBl:le pacnpe,ll,eJieH•R ipoToHOE peHfreHoBcKoro ~yqeHMR npu 
I 

aaeprMHX nap~HqHblX noaMTpottoB I,2~3 H 4 I'3B 

PHc.6 OneKTpaJI:&Hoe pacnpe,ll,eJieHwe nepexol!U,f~ro peHTreHoBcKoro H8X1l!i­

HHH fiPH aaepf)Jex nepBH11H!fX N03HTPOHOB I,2,3 H 4 I'3B 

PHc. 7 OxeMa ycT0lfOBIUI 'AJ!fl perHCTpa~HH peHTreHOBCKOro nepex o'AHoro .111-

Jiyqe HHH c ltOMOU(l>IO ltpKCTaJ!Jla 

PHc . 8 3aBltcHMOCT:& qxc,fta KBaHTOB ne pexo.l(Horb H3Jly<i6HHH OT 3Hepl'llJI 

3JI6KTPOHOB npH paa.mqHolt yr11o:eolt )WCKPHMHH~H 

o-e, = 2,6.I04 ; @2 = 2,5.I0-3; m. = 380;x-q = 7,3.I0-4 

672 = 6,7 . I0-3
; m = 380; e- e1 = 2 ,6.I0-4; 61 = 2 , 5.I0-3 

rn = I03 

PHc.9 CxeMa aJie 11eHTa ,l\eTeI<Topa MH peI'llcT paJ.IHH rre pexo,l\t!Ol'O peuTreHon­

c1rnro H3JIY116HHll 

P;ic.IO Cxeu:a ycraHOBKH mm perHcTp~H @oTOHOB peHT!'eH OBCKoro nepe­

XO,l\Horo l13JIY11GHllH c nOMOll(:&IO CTpilMCpHOi! ltaMepli 

?He.II 0,llHH H3 CJiyqaeB CJie~a 3Jl6KTpOHa C iHe prHe~ 2 I'sB B CTpHM6VHOil 

Kauepe c .llBYMH CJJG,l\a1rn IQOTOSJieKTpOHa, Bb!3BaHI!ble peHrreHOBCKHMH 
KB!l.HTaJ/!H nepexo;zurnro l'!aJiy'leHlfH. 

PHc.I2 Pacnpe~eJieHHe lJlllCJia CJiyqa.613 npoxox.lleHHH aJieKTpOHoB c aHep­

rweM 2 raB B 3aBHCHUOCTH OT q11cna tllOT03H6KTPOHOB B RaJK,llOM 

cnyqae. ~eBaH KPHBan - rrnoTHOe ne~eCTBO, rrpaBaH - rrop11cTaH 

cpe,lla. 

.,.,. 
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